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Preface

When the atomic weapons testing program in the continental United States
began in 1951 at the Nevada Test Site, the world was sharply divided between
two conflicting political ideologies with global intentions uncertain to the other.
Each saw its political adversary as a potential aggressor, and each launched a
major nuclear weapons development and testing program. In both instances, na-
tional defense was seen as taking precedence over the possible health hazards that
these programs might present either to the individuals directly involved in the
development or testing or to the public generally.

Governmental decisions related to safety both on and off the Nevada Test
Site were undoubtedly influenced by a sense of urgency about national security.
One apparent consequence is a history of misleading government statements about
the Nevada tests. Government decisions were also shaped by the limited amount
of information then available on the potential health hazards of fallout, particu-
larly the later-term effects, such as cancer, that would not be quickly manifested.
At the beginning of the test period, the Atomic Energy Commission declared that
tests did not present a danger to the public, although some staff expressed con-
cern. Experts were not at that time clearly aware that, in addition to direct radia-
tion exposure and inhalation exposure routes, another exposure route—air-grass-
milk—was also important.

Not until 1961, near the end of the period of weapons testing did the Federal
Radiation Council set as a goal that the annual limit of I-131 doses to the thyroid
for a population group not exceed 0.5 rem and that the individual annual limit not
exceed 1.5 rem. Although an annual limit of 15 rem had been recommended for
members of the public in 1953 (reduced in 1957 to 1.5 rem for minors), the rec-
ommendation was not at the time viewed as applicable to fallout from weapons
testing.

These perceptions of urgency and safety notwithstanding, in retrospect, it is
clear that the exposure of the public was inadequately monitored. This has re-
sulted in large uncertainties in the doses the public may have received and has

ix
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prompted a continuing and often acrimonious debate about the hazards involved
and about the release of information about the weapons tests and their conse-
quences.

The report released by the National Cancer Institute in October 1997 was an
effort to assess the hazards of radioactive iodine (more specifically iodine-131,
also written as I-131) from the Nevada weapons tests. The analytic challenges the
NCI faced in developing its report were formidable and, of necessity, time con-
suming to meet. Evaluating and quantifying thyroid cancer attributable to Nevada
test fallout is an exceptionally complex task that is beset with immense uncertain-
ties related to both the estimates of I-131 exposure and estimates of I-131 related
thyroid cancers. Nonetheless, the credibility of the federal government in matters
relating to exposure to ionizing radiation may be have been compromised by the
agency’s perceived slowness in releasing the report, once the analysis was largely
completed.

It appears likely that a relatively small proportion of the 160,000,000 Ameri-
cans alive during the weapons testing program received cumulative doses of io-
dine-131 greater than the exposure limit set forth in 1961, which would have
amounted to 5 rem exposure limit over a ten-year period. However, the number of
persons receiving much higher doses, up to 100 rem or more, could have num-
bered in the tens of thousands. It is the estimation of risk to exposed Americans
and the steps that might be taken in response to the risk that has been of primary
concern to the review panel established by the Institute of Medicine and the Na-
tional Research Council.

The panel’s work focused on (1) assessing the soundness of the NCI analyses
and estimates including those developed separately from the main report, (2) the
risk of thyroid disease from iodine-131 fallout, (3) evaluating the benefits and
harms of recommending a program of routine screening for thyroid cancer, and
(4) identifying strategies for communicating with the public about risks and re-
sponses. It reaches a somewhat unsettling combination of conclusions, first, that
some people (who cannot be easily identified) were likely exposed to sufficient
iodine-131 to raise their risk of thyroid cancer and, second, that there is no evi-
dence that programs to screen for thyroid cancer are beneficial in detecting dis-
ease at a stage that would allow more effective treatment. To serve the public
interest, the major contribution that the government can make is not to launch an
ineffective but politically appealing screening program but rather, to develop
effective ways to communicate with the public about iodine-131 exposure and
health risks and to involve the public in determining what communication strate-
gies people will find understandable, useful, and trustworthy.

William J. Schull, Ph.D. Robert S. Lawrence, M.D.
Co-Chair Co-Chair

x PREFACE
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1

Executive Summary

For nearly 50 years, public concern and scientific debate have surrounded
the program of above-ground nuclear weapons testing that the United States con-
ducted in Nevada during the period 1951 to 1962. In August 1997, as the National
Cancer Institute (NCI) was preparing to a release a report on exposure to iodine-
131 from test fallout, the Secretary of the Department of Health and Human Ser-
vices (DHHS) asked the Institute of Medicine (IOM) and the National Research
Council (NRC) to undertake an independent assessment of the public health and
medical implications of the estimated iodine-131 doses received by the American
people from this testing and to advise the Department on steps that might be taken
in response.

This report presents the conclusions of two committees appointed by the
IOM and NRC, which are referred to here collectively as the committee. In devel-
oping these conclusions, the committee

• Assessed the soundness of the NCI analyses, which were presented in
October 1997 in the two-volume report Estimated Exposures and Thyroid Doses
Received by the American People from Iodine-131 in Fallout Following Nevada
Atmospheric Nuclear Bomb Tests.

• Analyzed evidence linking I-131 exposure to thyroid cancer and other
thyroid conditions.

• Reviewed estimates of thyroid cancer cases in the United States that may
have resulted from the weapons tests.

• Examined possible clinical and public health responses to I-131 exposure
that would be consistent with scientific evidence about the possible benefits and
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2 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

harms of routine screening for thyroid cancer and with research on communicat-
ing risk information to the public and the medical community.

• Considered directions for further research.

The committee reached the following general conclusions in three subject
areas.

Estimates of national, county, and individual exposure to iodine-131

1. In attempting to fulfill its Congressionally mandated tasks, the NCI under-
took a very difficult task that depended on limited data of uncertain reliability and
validity. The NCI report represents a careful, detailed, and responsible effort to
estimate iodine-131 exposure from the Nevada atomic weapons tests. The NCI’s
methods were generally reasonable, although specific elements can be questioned
(Chapter 2).

2. The estimate of the American people’s collective dose from I-131 is con-
sistent with the committee’s analysis and is unlikely to greatly over- or understate
the actual levels (Chapter 2 on Validation and Uncertainty in Collective or Aver-
age Dose Estimates).

3. The levels of detail presented in the report, specifically, county-specific
estimates of iodine-131 thyroid doses, are probably too uncertain to be used in
estimating individual exposure. For the most part, direct measures of fallout for
any particular weapons test were made for only about 100 places nationwide
(except near the Nevada Test Site itself). Estimates of county-specific exposures
may also have little relevance to specific individuals for whom exposure depends
on such critical factors as varying individual consumption of milk and other foods
and variations in the source of those foods (Chapter 2).

4. Individual-specific estimates of past exposure to iodine-131 from the Ne-
vada tests are possible but uncertain, often highly so, because critical data are
often not available or of questionable reliability. A small minority of the popula-
tion—those who were young children at the time of testing and who routinely
drank milk from backyard cows or, especially, goats—had a significant exposure
to I-131 (Chapter 2 on From Fresh Milk to Human Intake and Chapter 3 on Nor-
mal Thyroid Physiology).

Estimates of cancer risk

5. Exposure to I-131 as a by-product of nuclear reactions can cause thyroid
cancer as shown conclusively by the 1986 nuclear accident in Chernobyl, which
resulted in high level exposure for many people. The NCI dose reconstruction
model indicates that the level of exposure to I-131 was sufficient to cause and
continue to cause excess cases of thyroid cancer. Because of uncertainty about
the doses and the estimates of cancer risk, the number of excess cases of thyroid
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EXECUTIVE SUMMARY 3

cancer is impossible to predict except within a wide range (Chapter 3 on Thyroid
Cancer Risk Based on NCI Estimates of I-131 Doses).

6. Epidemiological analyses of past thyroid cancer incidence and mortality
rates provide little evidence of widespread increases in thyroid cancer risk related
to the pattern of exposure to I-131 described in the NCI report (Chapter 3 on
Epidemiologic Analyses Using Cancer Registries). They suggest that any increase
in the number of thyroid cancer cases is likely to be in the lower part of the ranges
estimated by NCI. The epidemiologic analyses are, however, subject to many
limitations and uncertainties.

7. Given the uncertainties in both the dose reconstruction model and the epi-
demiological analyses, further epidemiologic studies will be necessary to clarify
the extent to which Nevada tests increased the incidence of thyroid cancer (Chap-
ter 2). Pending these studies, it is prudent for DHHS to plan its responses as if
excess cases of thyroid cancer have occurred.

8. Individual-specific estimates of the probability of developing thyroid can-
cer from exposure to fallout from the Nevada testing program are uncertain to a
greater degree than the dose estimates because of the additional uncertainty, in
particular, about the cancer-causing effect of low doses of I-131 (Chapter 3 on
Thyroid Cancer Risk Based on NCI Estimates of I-131 Doses).

9. The type of thyroid cancer, papillary carcinoma, usually linked to radia-
tion exposure is uncommon and rarely life threatening. Even among those with
exposure to iodine-131, few will develop thyroid problems (Chapter 3 on Inci-
dence of Clinically Manifest and Occult Disease).

Thyroid cancer screening, public education, and research

10. There is no direct evidence that early detection of thyroid cancer through
systematic screening (rather than through routine clinical care) improves survival
or other health outcomes (Chapter 4 on Benefits and Harms of Screening for
Thyroid Cancer).

11. A program of systematic screening for thyroid cancer is not recommended
either in the American population generally or among regional populations be-
lieved to have been exposed to iodine-131 from the Nevada tests (Chapter 4 on
Committee Findings and Recommendations). For concerned patients who con-
sult their physicians about screening for thyroid cancer, the decision about screen-
ing should be jointly made following a discussion of thyroid cancer risks follow-
ing exposure to iodine-131, and possible benefits and harms of screening.

12. Rather than promoting systematic thyroid cancer screening, the Depart-
ment of Health and Human Services should focus on a program of public infor-
mation and education about the consequences of the Nevada weapons tests. It
should involve members of the public and health professionals in developing and
testing information strategies and materials. This program should explain basic
facts about the Nevada tests, the link between I-131 and thyroid cancer (including
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4 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

symptoms), the problems with estimating individual exposure to iodine-131 and
risk of thyroid cancer, and the pros and cons of screening (Chapter 4 on Informa-
tion and Decisionmaking).

13. Further research related to iodine-131 would be useful in several areas
including the risk posed by low levels of exposure, possible differences in radia-
tion-related and naturally occurring thyroid cancers, and people’s perceptions
and understanding of the benefits and harms of screening (Chapter 6).

HISTORICAL CONTEXT

In July 1945, the United States conducted the world’s first atomic bomb test
in Alamogordo, New Mexico. Soon thereafter, U.S. bombers dropped atomic
bombs on Hiroshima and Nagasaki as part of a strategy to end World War II.
After that war’s end, the Cold War led to new national security anxieties and
prompted the government to initiate a program of nuclear-weapons testing in
Nevada.

During 1951-1962, the United States conducted nearly 100 above-ground
nuclear weapons tests in Nevada; another dozen tests were conducted at depths
below ground where some atmospheric release of radioactive material was pos-
sible. In addition to U.S. tests, other nations including the United Kingdom, the
former Soviet Union, France, China, India, and, recently, Pakistan have conducted
nuclear tests (the latter two nations only tested underground). Other nations’ tests
in the 1950s as well as U.S. testing in the Pacific have complicated efforts to
estimate the fallout of radioactive materials from the Nevada tests and the health
consequences of that fallout. Some systematic studies of fallout patterns were
initiated with the first tests, but studies of health effects did not begin until much
later.

Public concern about radioactive fallout from the Nevada testing began to
emerge by the mid-1950s. Congressional hearings were held in the late 1950s and
in 1963 to consider possible effects of the fallout on Americans. The limited test-
ban treaty of 1963 was one reflection of public concern about nuclear weapons
tests. Litigation was another consequence. By the late 1970s, hundreds of damage
claims had been filed against the U.S. government alleging that illnesses, prima-
rily cancers, resulted from the nuclear tests.

In the 1980s, continued concerns prompted a number of further studies to
reevaluate radiation exposures of the population following weapons tests in Ne-
vada. In 1983, Public Law 97-414, section 7(a) directed the Secretary of Health
and Human Services to conduct research and develop estimates of the thyroid
doses received by the American people from iodine-131 in fallout from the Ne-
vada atmospheric tests. In 1983, NCI established a task group to assist it in a
program of technical and scientific work that extended for more than a decade.
The NCI report, Estimated Exposures and Thyroid Doses Received by the Ameri-
can People from Iodine-131 in Fallout Following Nevada Atmospheric Nuclear
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Bomb Tests, was published in October 1997. Publication of the report followed
newspaper stories that presented information from the report’s summary and noted
that the analyses were still not available to the public some six years after the NCI
had completed most of its mandated work. The NCI report did not include esti-
mates of health risks of exposures. These were provided in separate analyses.

ASSESSMENT OF THE NCI DOSE RECONSTRUCTION

In fulfilling its Congressional mandate, the NCI faced a very formidable task
of methodology development, information collection and generation, and data
analysis. Challenges included a paucity of data directly relevant to dose recon-
struction for events occurring nearly 50 years ago and disparities between the
availability of data originally collected for other purposes and the requirements
for current use in dose reconstruction. A contributing factor was that the potential
health effects of I-131 were not entirely recognized in the 1950s.

Deposition of iodine-131 was estimated based on measurements taken at
fewer than 100 sites in the entire continental United States. Even for these sites,
amounts had to be estimated because technology at that time did not allow for a
direct measurement of I-131 alone; only gross (total) beta activity was measured.

Overall, the committee concluded that the NCI report reflects an intensive
effort to collect or generate the data needed for a complicated series of analyses,
although documentation of methods, analyses, or results was insufficient in a few
places. The committee concluded that the NCI was unlikely to have grossly over-
or underestimated the collective I-131 dose, but it was less confident that the NCI
had realistically determined the uncertainty associated with the estimate.

For the U.S. population overall, the NCI report presents a comprehensive
rationale for assuming that the Nevada atomic weapons tests during the 1950s
resulted in an average cumulative thyroid dose from I-131 fallout of 0.02 Gy (2
rad) for the American population collectively (approximately 160 million people)
and an average cumulative dose of 0.1 Gy (10 rad) for a large part of the popula-
tion that was under age 20 at time of exposure.

At the individual level, estimates of exposures to iodine-131 from the Ne-
vada test are uncertain to varying degrees. Critical data on events that occurred
almost 50 years ago are often unavailable or of questionable reliability. No matter
how painstaking the analysis, the NCI report cannot compensate for the gap be-
tween the information available and the information needed to develop valid and
reliable dose estimates for individuals. In particular, even with sophisticated meth-
ods for geographic extrapolation beyond specific measurement sites, the direct
measurements of fallout are far too sparse to provide precise dose estimates at the
county or state level for the entire continental United States. Although the com-
mittee understood the motivations and initial analytic thinking that led the NCI to
calculate and to present county level estimates of exposure for every test, it con-
cluded that the level of dosimetry detail provided for individual counties is inap-
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6 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

propriate given the high level of uncertainty associated with the estimated doses.
Rather than distinguish between average dose received in many of the counties, it
is more appropriate to limit distinctions to much larger geographic areas and,
even then, to distinguish only broad exposure levels.

ASSESSMENT OF THE NCI ESTIMATES OF CANCER RISK

The NCI’s two-volume dose reconstruction report did not include estimates
of thyroid cancer risk related to its estimates of iodine-131 exposure from the
Nevada weapons tests. Instead, a separate, later memorandum provided estimates
of lifetime thyroid cancer risk and excess cancer cases associated with that expo-
sure. In addition to reviewing the NCI estimates, assumptions, and methods, the
committee also reviewed the literature on cancer associated with iodine-131 ex-
posure and examined epidemiological data on the prevalence of thyroid cancer in
the United States. The most important conclusion from the literature review is
that a link between thyroid cancer and exposure to iodine-131 from fallout—long
considered uncertain—is now considered to be established based on studies fol-
lowing the nuclear reactor accident at Chernobyl in 1986. Because these studies
have focused on children and are necessarily limited in followup time, the impli-
cations for adults now in middle age are unclear.

According to the NCI’s revised estimates, which are not broken down by
state or county, exposure to I-131 from the Nevada atmospheric tests will pro-
duce between 11,300 and 212,000 excess lifetime cases of thyroid cancer with a
point or central estimate of 49,000 cases. The committee considered the NCI
approach to developing estimates of excess cancer cases due to iodine-131 expo-
sure generally reasonable, but the committee did raise questions about certain
assumptions. In particular, it noted that there is disagreement within the scientific
community about the assumption of dose-response linearity, that is, the assump-
tion that even the smallest dose of iodine-131 to the thyroid results in some ex-
cess risk of cancer. Most exposure to iodine-131 following the Nevada tests was
low-level exposure for which evidence of cancer risk is very limited.

Several epidemiological analyses provide little support for the higher esti-
mates of excess cancers related to iodine-131, although these analyses also have
limitations that restrict their ability to detect the effects of I-131 fallout on the
population. Given the limitations, the analyses suggest that the excess of cancer
cases is far below the highest value in the estimated range provided by NCI and is
probably in the lower part of the range. Additional analysis (based on the assump-
tion that the risk of developing cancer is constant over a person’s lifetime) sug-
gests that about 45 percent of iodine-131 related thyroid cancers have already
appeared. Although the committee cautioned against using the NCI county-level
dose estimates as a basis for assessing individual risk of thyroid cancer, it sug-
gested that the chance of a significant exposure is highest for those who were
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young children at the time and who routinely drank milk from backyard cows and
in particular, goats.

IMPLICATIONS FOR CLINICAL PRACTICE AND PUBLIC HEALTH

In developing advice for DHHS about thyroid cancer screening and other
clinical and public health issues, including communication with health care prac-
titioners and organizations, the committee relied on the evidence-based ap-
proaches to clinical practice that have been developing over more than two de-
cades. These approaches stress systematic processes for (1) analyzing scientific
evidence about the benefits and harms of clinical practices, (2) developing guide-
lines for clinician and patient decisions about specific health problems, and (3)
clearly presenting the assumptions, evidence and rationale for practice recom-
mendations.

From the perspective of clinical practice and public health policy, a critical
problem with the NCI estimates of I-131 exposure and cancer risk discussed above
is that they provide little help in identifying those individuals with a significantly
elevated risk of developing thyroid cancer. In addition, thyroid cancer caused by
radiation cannot be distinguished from naturally occurring thyroid cancer.

More precise estimates would not, in any case, significantly change the con-
clusions reached by the committee against routine screening of the population
generally or of subgroups possibly exposed to I-131. Fundamental to this recom-
mendation is the lack of evidence that early detection of thyroid cancer through
screening (rather than through routine clinical care) improves health outcomes.
The committee noted that papillary thyroid cancer, the most common form of
naturally occurring thyroid cancer and the form linked to radiation exposures, has
a high survival rate, regardless of cause, when detected in routine clinical practice
without screening. Ninety percent of those diagnosed with papillary thyroid can-
cer are alive 30 years later.

Screening has the potential for harm as well as benefit. Routine screening for
thyroid cancer by palpation and, especially, by ultrasound will identify many
nodules, most of which will not be malignant. This will prompt further testing by
FNA biopsy. FNA biopsies will discover a few cancerous nodules, will not find
cancer in most nodules, and will yield a significant proportion of indeterminate or
unsatisfactory samples (20 to 30 percent or more) that may lead to unnecessary
thyroid surgery for many people who do not have thyroid cancer or who have
very small cancers that would never progress to cause health problems.

Given popular fears of cancer and concern about radiation, the often modest
reach of public information programs, and conflicting recommendations from
other groups, clinicians will likely see some patients who express concern about
possible exposure to radioactive fallout and who request screening for thyroid
cancer. Although the committee recommends against policies that encourage or
promote routine screening, it is essential that clinicians respond sensitively and
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8 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

constructively to concerned patients who come to them seeking advice. Such a
response will involve listening to the patients concerns; discussing their possible
exposure to iodine-131 and other risk factors for thyroid cancer; explaining that
thyroid cancer is uncommon even in people with some exposure to I-131 and that
the thyroid cancer linked to I-131 exposure is rarely life threatening; describing
the process, benefits, and harms of screening and the lack of evidence showing
that people are better off with it than without it; checking patient understanding
of the information presented; and, then, jointly deciding how to proceed. Al-
though the committee believed the decision about a physical examination includ-
ing thyroid palpation should be a joint one, it recommended against screening by
ultrasound for patients without symptoms.

COMMUNICATING ABOUT IODINE-131 EXPOSURE AND
CANCER RISK

The historical and political contexts surrounding the Nevada testing program
and its aftermath combined with the technical nature of the analyses of iodine-
131 exposure, health risks, and screening strategies will make it difficult to com-
municate information in ways that will be perceived as equally believable and
understandable by all those concerned about the consequences of the testing pro-
gram. The above-ground nuclear tests were purposive, man-made phenomena
that left behind a toxic residue, albeit most of it short-lived. From almost the
beginning of the testing program, governments and residents of areas adjacent to
the test sites have engaged in an intermittent, often acrimonious debate about the
release of accurate information and the possible health effects of fallout. Evidence
of contamination in more distant areas and from other sources (e.g., the Hanford
Nuclear Reservation) have prompted concerns beyond areas near the test site.

Two legacies of the testing program and its aftermath are the considerable,
and sometimes intense, distrust of the government as a source of information and
advice, and the fact that a segment of the public is convinced the health impacts
of exposure are significant and severe. These circumstances create significant
challenges for DHHS in constructing a credible and effective public communica-
tion program.

The potential audiences for a DHHS communication and information effort
will include individuals and groups who have, over the course of decades, devel-
oped strong beliefs about the risk and about the trustworthiness of their govern-
ment, people with little past interest or concern who will want more information
when they learn of the exposure issue from news media or other sources; elected
officials with varying degrees of concern about the issue; and clinicians and pub-
lic health officials with varying levels of knowledge about thyroid conditions and
screening options. It will be important for DHHS to (1) recognize the existence of
these different audiences, (2) decide the audiences they most need to reach, and
then (3) use a growing body of empirical and experiential knowledge about com-
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municating risks to develop information strategies that are sensitive to the con-
cerns and perceptions of these groups. For example, if DHHS wishes to commu-
nicate effectively with people living in the regions where the tests were con-
ducted, it will need to bring representatives from these areas into the information
planning process at the very beginning.

The building blocks for the information and communication program should
include several kinds of materials. Brochures or the equivalent should be devel-
oped for clinicians, public health departments, and others to give to concerned
patients. In addition, although many people lack access to computers, an updated
Internet site for both the lay public and clinicians can be a convenient, in-depth
source of information for many others. Electronic and written sources of informa-
tion should explain basic facts about the Nevada tests, I-131, and thyroid cancer
and should provide basic education about screening tests, including explanations
of possible benefits and harms.

The committee recognized the particular challenge of communicating its con-
clusions about screening in ways that respond to understandable public concerns
about the likely (albeit small) risk of thyroid cancer linked to exposure to iodine-
131 from the Nevada atomic weapons tests. Screening programs—whether or not
they are supported by scientific evidence—can be a popular response to risk.
Notwithstanding this appeal, the committee recommends that DHHS concentrate
on developing a program of information and education for the concerned public
and clinicians that builds on the analyses, conclusions, and information ap-
proaches described in the committee report and on the experience the Department
and others have gained in developing similar informational materials.

FURTHER RESEARCH

The committee suggests that DHHS consider additional research in several
areas. These areas include (a) the relative effectiveness of external radiation ver-
sus internal radiation in producing thyroid cancer; (b) the relative malignancy of
radiation-related versus spontaneous thyroid neoplasms; (c) the role of genetic
events in the development of thyroid cancer, in particular, the role of ret/PTC
oncogene as it may affect the nature of the dose-response relationship for thyroid
cancer; (d) people’s perceptions of the benefits and risks of screening for thyroid
and other cancers and the factors affecting such perceptions including the way
quantitative information is presented; and (e) the effectiveness of existing pro-
grams to communicate radiation risks. The committee considered public com-
ments calling for further research on the total radiation exposure resulting from
all radionuclides deposited in radioactive fallout from nuclear tests in both the
United States and other countries. It concluded that such research was unlikely to
benefit public health and would divert resources from other uses of greater prob-
able benefit and this as well as the cost of such research should be clearly under-
stood before a decision is made to undertake it due to public concern.
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1

Introduction

BACKGROUND AND CONTEXT

On January 27, 1951, the United States began a program of atmospheric
testing of nuclear weapons-related devices in Nevada that continued intermit-
tently until August 5, 1963, when the Limited Test Ban Treaty was signed. For
nearly fifty years now, the extent and effects of fallout from those tests have
generated much political debate and stimulated numerous scientific investiga-
tions. The findings of one extended, Congressionally mandated investigation were
reported in October 1997 when the National Cancer Institute (NCI) published the
two-volume report Estimated Exposures and Thyroid Doses Received by the
American People from Iodine-131 in Fallout Following Nevada Atmospheric
Nuclear Bomb Tests.

As the NCI was preparing to release its report, the Secretary of the Depart-
ment of Health and Human Services (DHHS) asked the Institute of Medicine
(IOM) and the National Research Council (NRC) to initiate an independent as-
sessment of the public health and medical implications of the iodine-131 (some-
times referred to here as I-131) doses received by the American people and to
identify steps that might be taken in response. After consultation, the IOM and
the NRC agreed to establish an expert panel to undertake this assessment begin-
ning in October 1997.

This report presents the results of that study. The rest of this chapter offers a
brief historical overview, describes the study approach, and provides preliminary
technical context for the chapters that follow. To help readers who are not expert
in radiation dose reconstruction and related topics, this report includes a glossary
of terms. It also includes an extensive set of references to the relevant scientific
literature and supplementary appendixes.
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HISTORICAL OVERVIEW

During the 1951-1963 period of testing at the Nevada Test Site, nearly 100
nuclear weapons tests were conducted above ground (DOE 1994), and another
dozen or so were conducted underground at depths from which some atmospheric
release of radioactive material was possible. Well before the Nevada tests began,
the United States had the world’s first test of a nuclear weapon at Alamogordo,
New Mexico in July 1945. Soon thereafter, U.S. bombers dropped atomic bombs
on Hiroshima and Nagasaki as part of a strategy to end World War II.

Following the war’s end in 1945, the United States began testing nuclear
weapons in the Pacific. From 1946 to 1958, 66 nuclear tests were conducted in
the Marshall Islands, 12 near Johnson Atoll and 24 near Christmas Island (Simon
and Robison 1997). All were atmospheric tests, except for four that were deto-
nated underwater. After the first five Pacific tests, the United States began nuclear
testing in Nevada.

Because testing in the Pacific was logistically complex and expensive, the
government eventually moved all tests to the Nevada Test Site (NTS), which is
located northwest of Las Vegas. This location was selected on the basis of such
factors as safety, climate, geology, security, population density, and transporta-
tion. A few tests were also conducted at other locations in Nevada, New Mexico,
Colorado, Mississippi, and Alaska. In addition to the U.S. testing during the
1950s, the Soviet Union and the United Kingdom also conducted atmospheric
and other tests that produced a global fallout of radioactive materials. Subse-
quently, other nations including France, China, India, and, most recently, Paki-
stan conducted tests (the latter two involved underground tests only). This later
testing has not added greatly to the exposure of the American public, but the
additional testing in the 1950s (including a large program of American tests in the
Pacific) has complicated efforts to estimate both the fallout of radioactive materi-
als from the Nevada tests and the health consequences of that fallout. In addition
to nuclear weapons tests, the backdrop for current concerns about exposure to I-
131 includes the 1986 nuclear accident at Chernobyl and its aftermath, which
includes many cases of thyroid cancer in exposed children.

Concern about radioactive fallout north and east of the Nevada Test Site
began to emerge soon after weapons testing began. During the earliest years—
before 1954—surveillance offsite of the NTS was performed by the Los Alamos
Scientific Laboratory and the U.S. Army. The U.S. Public Health Service contin-
ued the offsite monitoring during the years 1954 through 1970. After 1970, moni-
toring activities offsite of the NTS became the responsibility of the Environmen-
tal Protection Agency under interagency agreements. Monitoring techniques
included exposure-rate measurements along the roads in the counties surrounding
the NTS, a fallout collection program using gummed-film devices in nearly every
state, aerial monitoring by aircraft (begun in 1963), and other types of air and
precipitation measurement (EPA 1984). Systematic studies of fallout patterns
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12 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

were conducted from the earliest test. By the late 1950s, national programs to
monitor milk and food contamination had been established because it had be-
come clear that exposure to radioactive iodine represented the major health threat
from weapons testing fallout. Such exposure affected primarily the thyroid gland
and resulted mostly from the consumption of milk contaminated with iodine-131.

Congressional hearings were held in the late 1950s and in 1963 to consider
the effects of radioactive fallout on the public. One of the earliest reports to esti-
mate radiation dose to the thyroid from radioactive fallout was issued in 1963
(Knapp 1963). The limited test-ban treaty of 1963 was another reflection of pub-
lic concern, and litigation was yet another consequence. By the late 1970s, hun-
dreds of damage claims had been filed against the U.S. government alleging that
illnesses, primarily cancers, resulted from the nuclear tests.

In the 1980s, continued concerns prompted a number of further studies to
reevaluate radiation exposures of the public from fallout. In 1983, Public Law 97-
414 directed the Secretary of the Department of Health and Human Services to
conduct research and develop estimates of the thyroid doses received by the
American people from iodine-131 in fallout from the Nevada atmospheric tests
(see Box 1.1). (This legislation addressed other issues unrelated to radiation, one
of which gave rise to its common labeling as the Orphan Drug Act.)

Following enactment of this legislation, the Secretary requested that NCI
respond to the mandate. In 1983, NCI established a task group to assist it in a
program of technical and scientific work that extended for more than a decade. It
was quickly obvious to the NCI investigators and their advisory group that indi-
vidual-specific doses could not be calculated with the information available. The
advisory group, however, “suggested that it might be possible to estimate, for
each atmospheric nuclear weapons test, the iodine-131 exposures from fallout for
representative individuals and for the population of each county in the contiguous
U.S.” (see NCI [1997a], Volume 1, page 1.1). This became the task undertaken
by the NCI investigators. The probability of causation tables referred to in P.L.
97-414 were prepared by the NIH Ad Hoc Working Group to Develop Radio-
epidemiological Tables and were published in 1985 (NIH 1985).

The October 1997 publication of the NCI report was preceded by the appear-
ance of newspaper articles that presented information from the report’s summary.
The articles noted that the analyses were still not available to the public nearly 15
years after the 1983 Congressional mandate and several years after the NCI had
completed much of its work.

For the approximately 160 million people living in the United States during
the 1950s, the NCI report estimates the average cumulative thyroid dose from
fallout was about 0.02 Gy (2 rad, see Glossary). However, individual-specific
doses can vary substantially and to enable individuals to estimate their dose, the
NCI constructed the Web site (http://rex.nci.nih.gov) mentioned earlier in this
text. In principle, an individual can consult this site to determine his or her thy-
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BOX 1.1
Provisions of Public Law 97-414, Sections 7(a) and (b),

Enacted January 4, 1983, Related to I-131

The law directed the Secretary of Health and Human Services to

1. Conduct scientific research and prepare analyses necessary to de-
velop valid and credible assessments of the risks of thyroid cancer that
are associated with thyroid doses of Iodine-131;
2. Conduct scientific research and prepare analyses necessary to de-
velop valid and credible methods to estimate the thyroid doses of Iodine-
131 that are received by individuals from nuclear bomb fallout;
3. Conduct scientific research and prepare analyses to develop valid and
credible assessments of the exposure to Iodine-131 that the American
people received from the Nevada atmospheric nuclear bomb tests;
4. Prepare and transmit to the Congress within one year after the date of
enactment of this Act a report with respect to the activities conducted in
carrying out paragraphs (1), (2), and (3).

In addition, the law directed the Secretary to

5. Construct radioepidemiological tables that estimate the likelihood that
persons who have or have had any of the radiation related cancers and
who have received specific doses prior to the onset of such disease de-
veloped cancer as a result of these doses. These tables shall show a
probability of causation of developing each radiation related cancer as-
sociated with receipt of a large range of doses in terms of sex, age at
time of exposure, time from exposure to the onset of the cancer in ques-
tion, and such other categories as the Secretary, after consulting with
appropriate scientific experts, determines to be relevant. Each probability
of causation shall be calculated and displayed as a single percentage
figure.

roid dose (based on age, residential history, and recall of milk consumption) from
the Nevada Test Site weapons tests.

On the basis of the average doses calculated by county for different age
groups, NCI staff initially estimated that 7,500-75,000 exposed persons might
develop fallout-associated thyroid cancers during their lifetime (see Appendix
B), but subsequent efforts by Land to take into account uncertainties in these
estimates yielded a range of 11,300-212,000 cancers with a central or point esti-
mate of 49,000 excess cases (C. Land, communication to NAS, 12/19/97). NCI
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14 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

staff and others have also undertaken epidemiological analyses to see if they can
provide confirmation for these estimates (see Chapter 3 and Appendix D).

ORIGINS OF STUDY

In August 1997, even before the NCI published its report, the Secretary of
Health and Human Services asked the Institute of Medicine (IOM) and the Na-
tional Research Council (NRC) to undertake an independent assessment of the
public health and medical implications of the findings presented in the report and
to consider steps that might be taken in response. The IOM and the NRC agreed,
and work began in October 1997. The study was to

1. Assess the soundness of the radiation-dose reconstruction including the
methods and data used by the National Cancer Institute, the estimates of thyroid
doses in the population exposed, and the estimates of the number of cancers ex-
pected;

2. Provide a preliminary assessment of the public-health and medical impli-
cations of the NCI thyroid-dose and cancer-risk estimates, in absolute terms and
relative to other known risks, and evaluate the potential for other health effects on
the thyroid and other tissues;

3. Provide information that will enable DHHS to educate and inform mem-
bers of the public, especially those likely to have been most heavily exposed at
the most vulnerable ages, as to what the NCI estimates and their attendant uncer-
tainties mean for the individual, what the risks are relative to other environmental
risks, and what types of appropriate actions they should take;

4. Develop recommendations for various research strategies (epidemiologic,
animal, in vitro, molecular, or others) that could refine the risk estimates and thus
reduce the uncertainty of the estimated effect of I-131 exposures on public health;

5. Provide information that will enable DHHS to educate members of the
medical profession about the NCI report and the limits of present knowledge
regarding the carcinogenic potential of I-131; and

6. Develop recommendations that will help DHHS address the implications
identified in objective 2 above in terms of

—intervention, surveillance, education, and information strategies for
public-health authorities and health-care providers and

—clinical-practice guidelines for evaluating, treating, and counseling ex-
posed persons.

To undertake the study, the IOM and the NRC established two committees
with partially overlapping membership (see rosters at the front of this report).
Although the IOM and NRC supported both committees, for convenience this
report refers to one committee as the IOM committee and the other as the NRC
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committee. The IOM committee developed the analyses and guidance on clinical
and public health policies and communication presented in Chapter 4. The NRC
committee developed the other analyses and guidance and reviewed and approved
all the findings of the report. Both committees approved the conclusions and
recommendations presented in the Executive Summary. Appendix A describes
the committees’ activities.

OVERVIEW OF TECHNICAL APPROACH AND REPORT CONTENTS

The tasks facing the NCI in 1983—and, subsequently, the IOM and the
NRC—were complex. That complexity is reflected in the chapters of the NCI
document as listed in Chapter 2 of this report.

As described in Chapter 2, the first technical task for the NRC committee
was to review the methods and findings presented in the NCI report. In capsule
form, this involved examination of the validity of the use of data from gummed-
film collectors as a basis for estimating fallout deposition and related iodine-131
doses, the thoroughness of the identification of the possible pathways of iodine-
131 exposure, the reliability and completeness of the measurements available to
assess average exposures at the county level, the credibility of the data on milk
production and average consumption, the data and soundness of the model to
estimate the transfer of iodine into cows’ milk, and the other procedures used in
the estimation of the doses to representative individuals.

In addition to reviewing the NCI dose reconstruction, the NRC committee
considered the estimates of cancer risk that had been presented in a memorandum
separate from the main NCI report (see Appendix B). As discussed in Chapter 3,
the task here involved reviewing evidence about the link between radiation expo-
sure and thyroid cancer and other thyroid disease; assessing assumptions used in
estimating cancer risk; and considering the epidemiological or experimental sup-
port for the estimates of cancer risk and the usefulness of further analysis of
epidemiological data such as those available in cancer registries supported by
NCI and several states.

Chapter 4 examines the criteria for making recommendations about screen-
ing for thyroid cancer and reviews evidence about the potential benefits and harms
of screening portions or all of the exposed population for thyroid cancer. In de-
veloping advice for DHHS about thyroid screening and other possible clinical
and public health steps, including communication with the public and with clini-
cians, the IOM committee relied on the evidence-based approaches to clinical
practice that have been developing over more than a decade. The central elements
of these approaches stress systematic processes for analyzing scientific evidence
about the benefits and harms of clinical practices and developing guidelines for
clinician and patient decisions that make clear the assumptions, evidence, and
rationale for practice recommendations. Appendix F provides the literature re-
view that provided much of the basis for the analysis in this chapter.
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In Chapter 5, the focus is communicating with the public about the informa-
tion and conclusions presented in both the NCI and the IOM/NRC report. The
key conceptual and technical issues examined include the characteristics of risk
communication, the matter of credibility of sources of information, the effective-
ness of different strategies of risk communication, the need to involve the af-
fected parties in the communication process, and the need to assess the effective-
ness of different ways of formulating risk and communicating it to the various
interested publics. An example of a method to assist individuals in estimating
their personal thyroid cancer risk is provided in Addendum 5. As historical con-
text relevant to understanding government actions and policies during the period
of atmospheric weapons testing, a summary of dose limits for exposures of the
thyroid for members of the public during this period is included in Appendix E.

Chapter 6 briefly considers directions for future research that might refine
the risk estimates and reduce their inherent uncertainties.

CONCLUSIONS

An important determinant of the public’s reaction to the information about
iodine-131 exposure and risks associated with that exposure is that the above-
ground nuclear tests were purposive, man-made phenomena that left behind a
toxic residue. Since the tests ended, governments and residents of areas adjacent
to the test sites have engaged in intermittent, often acrimonious debate about the
possible health effects. The historical and political contexts surrounding the Ne-
vada testing program and its aftermath combined with the technical nature of the
analyses of iodine-131 exposure, health risks, and screening strategies will make
it difficult to communicate information in ways that will be perceived as equally
credible and understandable by all those concerned about the consequences of the
testing program. The rest of this report offers guidance to the Department of
Health and Human Services, but it is only one step in the process of developing
credible and helpful communication with the public.
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2

Review of the NCI Radiation Dose
Reconstruction

The National Cancer Institute’s report consists of two volumes. One sets
forth the history of the study, its methods, and findings, and the second consists
of extensive tabulations of the data on which the results and findings are based.
The second volume does not include the gummed-film data that are said to be
archived at the Health and Safety Laboratory (U.S. Department of Energy Envi-
ronmental Measurements Laboratory) in New York City.

The purposes of this chapter are to determine

• Whether what NCI was asked to do had a reasonable chance of success,
given the sparseness of the data and the difficulties involved in reconstructing
events that occurred 40-50 years prior.

• Whether there are identifiable weaknesses in the techniques or assump-
tions used to perform the dose reconstruction.

• Whether the amount of detail presented in the report about thyroid dose
estimates of representative individuals by county, by age group, and by milk-
drinking habits is meaningful and useful to the public and the public-health estab-
lishment.

• Whether the dose reconstruction produced gives useful information about
an individual’s thyroid dose and, by implication, his or her personal risk of thy-
roid cancer.

• In addition, we present a summary of estimated doses from the NCI report
to illustrate variation in exposure by geographic location and by year of birth.

In this chapter, the committee first lists the contents of the NCI report and
gives general impressions of the thoroughness of the study and of the soundness
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18 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

of the study’s results. Then there is a general description of the pathways of
iodine-131 (I-131 or 131I) exposure in humans. Most of the chapter is devoted to a
review of the NCI report, and specific comments are made about NCI’s methods,
their appropriateness, and their shortcomings.

Box 2.1 lists chapter contents from Volume 1 of the NCI report and the
appendices of Volume 2. Separate from the published report, NCI staff prepared
estimates of the number of people who might be expected to develop fallout-
related thyroid cancer (see Appendix B of this report). Additional information is
also available on the NCI Web site (http://rex.nci.nih.gov).1

BASIC ASSESSMENT

Given the challenges posed by the paucity of the data relevant to dose recon-
struction, the disparity between the original purpose of the data collection and the
requirements for dose reconstruction, the need to derive amounts of I-131 in-
gested on the basis of measured deposition of gross beta activity, and the prob-
lems associated with drawing conclusions about counties and states based on
incomplete information, this committee was generally impressed by the clarity
and thoroughness of the NCI report and the obvious attention to detail. This com-
mittee does note, however, that some of the procedures used in dose reconstruc-
tion were not sufficiently detailed (for example, the discussion of kriging) for the
committee to judge fully the efficacy of NCI’s work and the accuracy of the
results. The task confronting the NCI investigators was obviously formidable,
requiring the reconstruction of events—some of which occurred almost a half-
century ago—for which direct measurements of dose or even environmental con-
tamination were often limited or nonexistent, particularly in areas of the conti-
nental United States not immediately adjacent to the Nevada Test Site.

There is an important way in which the presentation of NCI’s findings is
inadequate. The report gives very little statistical tabulation of dose estimates that
is useful from a scientific or epidemiologic standpoint. The important numbers,
averaged dose by birth cohort, used in the Land presentation, for example, cannot
be easily verified as being consistent with the report. The report, the annexes, and
Internet Web pages do not appear to allow for the ready computation of average
doses for broad categories of people or for the uncertainties in those average
doses. This makes it difficult to apply the findings of the report to compute, for
example, doses for birth cohorts of people living in the regions covered by tumor
registries in two different states or cities, as would be needed in the design stages
of an epidemiologic analysis. The numbers provided in the map captions could be
used to tabulate average dose by birth cohort, for example, but it would be labo-
rious and possibly inaccurate to use the maps to do this by region. The report and

1To find information on the 1997 NCI report, it is necessary to follow on-screen links at the NCI
Web site to “What Was New in 1997?”
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BOX 2.1
Summary Contents of the 1997 National Cancer Institute

Report Estimated Exposures and Thyroid Doses Received
by the American People from Iodine-131 in Fallout

Following Nevada Atmospheric Nuclear Bomb Tests

Volume 1
Executive Summary
Technical Summary
Chapter 1. Introduction
Chapter 2. History of the Nevada Test Site and nuclear testing back-

ground
Chapter 3. Deposition of 131I on the ground
Chapter 4. Transfer of 131I from deposition on the ground to fresh

cow’s milk
Chapter 5. Cow’s milk production, utilization, distribution and con-

sumption
Chapter 6. Methods and input data for calculating thyroid doses to

people resulting from the ingestion of cow’s milk
Chapter 7. Methods and data for calculating doses to people resulting

from exposure routes to man other than the ingestion of
fresh cow’s milk

Chapter 8. Estimated thyroid doses resulting from atmospheric bomb
test conducted at the Nevada Test Site

Chapter 9. Estimation of doses to specified individuals
Chapter 10. Model validation and uncertainty analysis
Glossary
List of figures
List of tables
List of appendices

Volume 2
Appendix 1. Description of the meteorological model used to estimate

131I depositions per unit area of ground in the absence of
environmental radiation site

Appendix 2. Structural characteristics of the close assessment method-
ology and origin and content of the database

Appendix 3. Information on pasture practices
Appendix 4. Estimates of the volumes of milk (103 L) produced, avail-

able for fluid use, and consumed in each county of the con-
tiguous United States in 1954

Appendix 5. Information on milk distribution
Appendix 6. Metabolism and dosimetry of 131I
Appendix 7. Evaluation of the influence of the physico-chemical form of

131I on the thyroid dose estimates
Appendix 8. Initial retention by vegetation of 131I in wet deposition of

fallout
Appendix 9. Information on the main computer codes used in the dose

assessment
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20 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

Web pages are geared toward calculations at the county or individual level, and
can be used for that purpose. However, the ability to make confident distinctions
in the differences of estimates for individual persons or counties is in doubt,
given the very sizable between-county uncertainties. This problem could be fixed
in future work on the Web pages by allowing for the computation of regional
doses, as well.

For most locations the NCI dose analysis begins with the gummed-film mea-
surement data. This is appropriate despite the uncertainties in the film’s retention
of deposited radionuclides, possible losses due to washoff, and the like. That said,
the estimates are most useful for average doses for representative groups of per-
sons; the wide range of individual conditions causes estimates for specific indi-
viduals to be highly uncertain. The state with the greatest reported range in per
capita exposure is Idaho, with an estimated average thyroid dose of 0.157 gray
(Gy, 15.7 rad) in Custer County and 0.017 Gy (1.7 rad) in Bingham County. In
addition to the dose estimate, there is an estimate given of the variability of the
dose estimates, as the geometric standard deviation (GSD) for each county aver-
age dose estimate (3.9 and 1.4, respectively, for the two counties).

As described in the NCI report, GSD can be used to provide approximate 95
percent confidence intervals for county dose estimates by multiplying (to give the
high end) and dividing (to give the low end) the dose estimates by the GSD raised
to the power 1.96. Thus, in Custer County the range of the likely average dose is
(0.011-2.26 Gy), the range in Bingham County is 0.0088-0.0329 Gy, and there is
an overlap in the likely range of dose of 0.011-0.033 Gy between these two
extreme counties.

One important question left unanswered by the NCI report is, When ranges
overlap like this, is there really any statistical difference between the county esti-
mates? The answer depends on the proportion of the GSD due to uncertainties
shared among counties (a systematic component) and the proportion of the GSD
that varies from one county to another (between-county variation). For example,
suppose all of the uncertainty (the entire GSD) in the dose estimates in these two
counties is caused by uncertainties in the total amount of I-131 coming from the
cumulative tests. In this case, the uncertainties in the county dose estimates re-
flect systematic variation only, and even though the 95 percent confidence inter-
vals for the county estimates overlap, it is likely that if the dose estimate in Custer
County is too high, the dose estimate in Bingham County is too high as well. In
this case, there is no chance that the dose in Bingham County is actually higher
than it is in Custer County. If, on the other hand, all of the uncertainties in the
county dose estimates are due to between-county variation, there is a small chance
(about 6.5 percent, based on standard statistical calculations) that the doses in
Bingham County are actually higher than are those in Custer County. The NCI
report is silent regarding the differentiation between systematic and within-county
variations in dose. This distinction is, nevertheless, important for the epidemio-
logic and public-health implications of the report and for whether the amount of
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detail offered by the report is meaningful. In its appraisal of the NCI report, this
committee has attempted to determine what effect the techniques used may have
had on the estimates of uncertainty provided in the report, and on whether
between-county or systematic components of uncertainty would predominate.

DOSES AND RISKS FROM OTHER RADIONUCLIDES

Although the NCI report focuses on exposure to I-131, as its mandate re-
quired, it warrants noting that about 200 radionuclides are produced and released
from atomic weapons tests, and exposure to these radionuclides could pose health
risks to organs other than the thyroid. For the very large tests that were conducted
by Russia and the United States, but not at the NTS, there was sufficient energy
released to carry most of the radioactive debris into the stratosphere where it
resided with a half-time of a few years. This was the mechanism that gave rise to
“global fallout,” and because the debris came down to earth months to years after
its creation, nearly all of the short-lived radionuclides had already decayed. Some
of the more prominent surviving radionuclides in global fallout are carbon-14,
strontium-90, and cesium-137 that are incorporated into environmental media
and foodchains and persist for decades. Global fallout is dispersed broadly over
the hemisphere in which it was injected. Effective dose commitments from global
fallout have been evaluated by UNSCEAR (1993). The total effective dose com-
mitment to individuals in the north temperate zone is 4.4 mSv (0.44 rem) per
person, of which 2.6 mSv (0.26 rem) is from carbon-14 and only 0.08 mSv (0.008
rem) from iodine-131. Of more interest within the present context is the fallout
from the relatively low-yield shots at the NTS. Much of this debris remained in
the troposphere, and according to Beck and colleagues (1990) about 25 percent of
this material was deposited within the United States within a few days. In this
case there was not time for the many additional short-lived radionuclides to decay
before being deposited. The primary manifestation of the deposition of the addi-
tional radionuclides was a contribution to external gamma dose during the first
month after each event. No organ other than the thyroid would have received a
larger dose from internal radiation than it received from external radiation (Ng
and others 1990). Organs receiving larger internal doses—but less than that from
external exposure—were the lower large intestinal wall, bone surface, upper large
intestinal wall, red marrow, and stomach wall. Thus, given the public concern
about doses from iodine-131, further understanding of the risks to the U.S. popu-
lation could be gained by a detailed evaluation of the dose and risks from the
other radionuclides released by the nuclear tests at NTS. Given that the work has
already been done for iodine-131, it would be relatively easy to adapt the method
for the additional radionuclides of interest though this exercise is not viewed as
an urgent public health necessity.

PATHWAYS TO EXPOSURE OF HUMANS

Each nuclear weapons test produced a large cloud of radioactive fission and
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activation products and residual nuclear materials, such as plutonium-239. The
cloud also included entrained debris from the weapons’ casing and varying
amounts of other debris, principally soil and the shot tower material if the test
was detonated on a steel tower or in such a manner that the fireball touched the
ground. Tests conducted aloft, either tethered to a balloon or dropped from the
air, contained substantially less debris, and the nearby fallout pattern for bal-
loon or air shots was much less than it was for tower shots. Although the fallout
debris was distributed through many layers of the atmosphere, the major part
for tower shots would exist in two layers, one at lower elevations that distrib-
uted into the lower level wind flow at the time of the test and the other at much
higher elevations. Many of those lower level flows moved east into Utah and
northward into Idaho. The large particles entrained in the lower stratum fell out
over several hours. The upper level debris contained a large fraction of small
particles that settled out over large areas as the material moved eastward. Al-
though the patterns varied somewhat, they followed the path of the major air
mass present, forming fairly uniform trajectories that compared well with the
high-level weather data. Exposure in some counties in the west was attributable
to only a few weapons tests, but many counties received deposition from nu-
merous events.

The NCI report (Section 3.6) estimates that only 25 percent of the activity
produced was deposited in the United States. Of the remaining 75 percent, much
remained in the troposphere and stratosphere and was carried around the globe.
However, that portion in the stratosphere decayed before returning to Earth be-
cause of the long residence time relative to the half-life of I-131; that in the strato-
sphere remained entrained for several weeks and a sizable fraction decayed while
still airborne; the remainder fell out nonuniformly over the Northern Hemisphere.
Even though rainout produced nonuniform patterns and substantial depositions in
some locations, the major proportion of the I-131 was deposited in the oceans.

Most of the I-131 deposited in the United States fell on soil or vegetation
other than pasture grasses; much that fell on grass was not consumed by cows,
and some decayed during the processing and distribution of the milk.

Iodine-131 attaches readily onto dust and other particles and onto vegetation.
It is also readily entrained in precipitation and falls to Earth with rain. Once it
reaches ground level, a fraction is deposited on grass, dust particles, or by direct
absorption into leafy structures. The time-integrated concentration of I-131 on
vegetation (per kilogram dry weight) will be several hundred to many thousands
of times the time-integrated concentration in ground level air. The large grazing
range of cows further integrates or amplifies their accumulated activity into a
substantial intake, and the I-131 is taken up in the cow’s thyroid and secreted
directly into the milk.

A person who consumes cows’ milk will concentrate about 25 percent of the
intake into the thyroid, which has a mass of about 2 g in a 1 year-old child and
about 20 g in an adult. Any I-131 that reaches the thyroid is likely to decay in the
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gland because the biologic clearance time (the biologic half-life), which is 80-
120 days for adults and likely much shorter for young children and infants, is
substantially longer than the radioactive half-life (8 days).

Consequently, I-131 deposited over a large area can be concentrated by the
pasture-cow-man food pathway into the very small human thyroid to produce
relatively high doses of radiation. Any delay or shortened time in any step of this
pathway has an equally significant effect on the eventual dose: Time to deposi-
tion on the pasture, storing of hay or delaying of pasturing, and time between
milking and consumption all affect the radiation dose actually delivered. These
are highly variable factors that depend greatly on individual circumstances and
the ruminant from which the milk is derived. For example, goats concentrate
more I-131 in milk than cows do, and if goats’ milk or cows’ milk is consumed
from private stock, doses will be higher because the milk will be consumed
quickly and will not be diluted by other less contaminated sources during pasteur-
ization and distribution. Therefore, the most important determinant of dose for
each person was the amount of milk consumed within a period of a few days after
the fallout from each test.

SOURCES OF INDIVIDUAL VARIABILITY IN I-131 DOSE

Determination of the doses to members of the public is subject to the highly
variable behavior of individuals and the uncertainties in the calculated pathway
levels. For these reasons, the NCI report presents doses as averages for represen-
tative groups. This is convenient and somewhat useful, but it begs the issue of the
variability of dose for individuals as opposed to county or group averages. Only
limited information is given in the report on the variability of individual dose
estimates around the group or county averages. It is clear, however, that indi-
vidual dose estimates must be more uncertain than are county averages. As seen
in Chapter 6 of the NCI report, age at exposure is important in determining thy-
roid dose estimates, as is individual milk consumption. Thus, individual doses
will vary considerably about the county averages, especially in children. There
are two independent components to this variability. First, there will be variation
in average doses within counties because of different exposure conditions at dif-
ferent locations and because of differences in the size of the counties and the size
and intensity of a storm causing the deposition. Second, there will be variation
between individuals with the same exposure conditions because of differences in
consumption.

The first source of variation was shown in Scotland to be at least 1 order of
magnitude (a factor of 10 times) for the distribution of the isotopes of cesium
after the Chernobyl accident (Sanderson and others 1994). Local differences in
precipitation rate and runoff on slopes led to variation in cesium contamination of
soils and pastures. The variation in I-131 contamination of grasses could be less
than that for cesium because soil-to-leaf transfer, and hence the effect of runoff of
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rain on slopes, is much less important for I-131 than is direct deposition on leaves.
Nevertheless, the Scottish experience indicates that marked differences in con-
tamination on pasture can be expected within an area the size of a county.

Variation in absorbed dose from a given exposure situation attributable to
differences in the behavior of individuals can be estimated from measurements
made after the Chernobyl accident (Likhtarev and others 1995). Measurements of
activity in the thyroid glands of exposed persons indicate that, for children of the
same age and living in the same settlement, doses can range over at least 2 orders
of magnitude (a factor of 100 times) (Goulko and others 1998). Some of this
variation will be a function of measurement error (about 25 percent, according to
Likhtarev and others 1995), but mostly it will be ascribable to differences in
behavior, mainly in the amount of milk consumed. The combined effect of the
two sources of variation will set large uncertainties on individual doses even
where reliable estimates of contamination at the county level are available.

The NCI report indicates in two places (pp. 9.3 and 9.6) that individual thy-
roid doses have uncertainties within a factor of about 5 in either direction. If this
assertion can be interpreted as a 95 percent confidence interval for true dose, then
it corresponds to an individual dose GSD of 2.27, which seems inconsistent with
the range of uncertainties given for the county estimates; the average GSD over
all counties is 2.24. The near equivalence of these county and individual numbers
might indicate that the county GSD actually incorporates uncertainties in indi-
vidual doses. If this is true, it is not clearly stated in the report or generally
reflected in the way the uncertainty analysis appears to have been performed.

The remainder of this committee’s commentary parallels the structure of the
NCI report. The estimation of thyroid dose due to the cows’ milk pathway was
broken down into the following basic steps:

• Estimation of the total amount of I-131 released (Chapter 2).
• Estimation of I-131 deposition (Chapter 3).
• Estimation of concentration of I-131 in fresh cows’ milk (Chapter 4).
• Estimation of human intake of I-131 in cows’ milk (Chapters 5 and 6).
• Estimation of thyroid doses to people from the ingestion of I-131 in cows’

milk (Chapter 6).

ESTIMATING THE RELEASE AND DEPOSITION OF I-131

I-131 Released by Tests

Estimation of the errors inherent in the data on the deposition of I-131 on the
ground necessarily begins with the reliability of the estimation of the source term,
the I-131 actually released in the course of the various atomic weapons tests. One
would then proceed to estimate the deposition of radioactive nuclides from the
cloud stemming from each detonation and use the deposition estimates to infer
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individual doses. However, in the NCI report, formal estimation of the source
term is limited to those tests for which no network of measurement stations was
in operation. For most of the tests, the point of departure in estimating doses to
individuals rests on the measured deposition of radionuclides on gummed-film at
a network of stations across the United States.

The reliability of I-131 dose reconstruction is obviously greatly influenced
by the accuracy of the estimate of the amount released to environmental path-
ways. The NCI report has prepared an excellent and thorough compilation of the
events at the Nevada Test Site, including relevant configurations (air bursts, tower
shots, underground tests) and explosive yields in kilotons (kt). Because the explo-
sive power of a device is determined by the number of fissions, the number of
atoms of I-131 formed and hence the activity are easily calculated. The NCI re-
port uses a plutonium fission chain yield for mass 131 of 3.72 percent, from
which is calculated an activity of 150,000 curies (Ci) of I-131 per kiloton of yield.
This is a bit higher than the value of 140,000 Ci/kt calculated by this committee,
which used more recent fission yield data (4.3539 percent) provided by the Na-
tional Nuclear Data Center (England and Rider 1994). It is, however, an adequate
and conservative value for the dose reconstruction source term for atmospheric
tests. The estimation of the source terms for underground tests is much more
complex because varying degrees of venting might have occurred. In this in-
stance, the amount of I-131 released is almost solely that formed by the direct
independent fission yield of I-131 rather than the cumulative mass chain yield;
the nonvolatile precursors were most likely contained in the ground. Estimated
releases for underground tests are, therefore, much more dependent on the air-
monitoring data obtained by sampling aircraft and ground stations immediately
after the test. These are believed to be good measurements, and the uncertainty in
the reported data has been clearly reported.

The NCI report presents an appropriate discussion of the factors that influ-
enced the amount of I-131 present in fallout clouds that left the Nevada Test Site,
in particular the influence of the height of the burst on the amount of entrained
debris that caused close-in deposition where few, if any, people were present;
increased fallout in the near field offsite; and the amounts of activity entrained
into the stratosphere as small particles. These variables tend to reduce the amount
of radioactivity reaching the more populated downwind areas. Precipitation, or
washout, dramatically influenced the deposition patterns as the fallout clouds
passed over the United States, and these considerations were also addressed ap-
propriately.

Findings

The source term for the environmental assessment is known to within ap-
proximately 10 percent because it is based on weapon yields, which were care-
fully measured because the yields were fundamental to each test.

Environmental levels of direct relevance to human exposures are less clear
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because they were modeled, and even though various components of the models
are validated with environmental measurements, it is important to note that the
data for each pathway to humans were generally not based on comprehensive
environmental measurements made for the period of interest.

Measurement of Deposition and Estimation of I-131

Estimates of the deposition of fallout radioactivity are primarily based on
data from the gummed-film monitoring network in existence from 1951 until the
end of that decade (Beck and others 1990) and, for locations close to the test site,
for hand-held-monitoring data. It is estimated that 85 percent of the total release
of I-131 occurred while the gummed-film network was in operation. There were
40-95 monitoring stations in operation during most of the period of aboveground
testing. Also, during the testing period, ground level measurements of exposure
rate were made by the Public Health Service along roads and towns in southern
Nevada and Utah. In the mid-1980s, these data were used to form the Town Data
Base by the Offsite Radiation Exposure Review Project (ORERP), a study that
reconstructed radiation doses from all radionuclides in the area within several
hundred kilometers of the Nevada Test Site (Church and others 1990). For a
minority of shots, representing a relatively small portion of the I-131 releases, no
or few gummed-film measurements were available. For these tests, deposition
outside the ORERP area was primarily estimated by meteorologic monitoring
and modeling of the passage of clouds, combined with precipitation records from
the days of and immediately following the shots. Available data come largely
from the activities of the Health and Safety Laboratory (HASL) of the Atomic
Energy Commission’s New York Operations Office. The hand-held measure-
ments were made by program-associated technicians, scientists, and engineers
and should be trustworthy within the limits of the techniques used. Many of the
gummed-film analyses were conducted at HASL, which was probably the best
such laboratory in the world at the time.

The gummed-film measurements, however, are not really direct measure-
ments of I-131, but rather of gross (total) beta activity. Moreover, the efficiency
of the collectors (fraction of fallout measured relative to total deposited on the
earth) depended on several factors. Based on an analysis described in Beck and
others (1990), the deposition efficiency was assumed in the NCI report to range
from 30 percent to 70 percent, depending on daily rainfall. The collection effi-
ciency of the gummed film probably depended not only on daily rainfall but also
on the size and solubility of the particles to which the I-131 was attached. The
distance from ground level of the nuclear explosion also would influence particle
size distribution. Tower shots, for example, would produce larger and less soluble
particles than would balloon tests. For most of the soluble substances, a large part
of the activity is found in standing water; thus, the extent to which standing water
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was or was not lost at the time of collection could have influenced the amount of
activity recorded (Hoffman and others 1992).

The estimation of the total release of I-131 as well as the conversion of gross
beta activity to I-131 was made possible by tables constructed and published by
Hicks of Lawrence Livermore National Laboratory (Hicks 1982; 1981). These
data were essential to the task of the NCI and have been used for similar purposes
by other dose-reconstruction studies (Stevens and others 1992; Ng and others
1990).

Imputation of Deposition When No Direct Measurements Exist

Only a relatively limited number of gummed-film measurements were avail-
able during the period of testing, so interpolation methods were devised to give
county level estimates of deposition on a test-by-test basis. The simplest of these,
the area-of-influence precipitation-corrected (AIPC) method, was used for esti-
mation when too few positive gummed-film measurements were available for the
use of the more elaborate kriging algorithm described below. The AIPC method
is very simple: the gummed-film measurements from the nearest stations were
used in all other counties after applying a correction based on the difference in
precipitation rate in the county compared with that at the location of the gummed-
film measurement.

The majority of deposition estimates were interpolated from the gummed-
film measurements using a mathematical technique called kriging. The real dis-
tinction between interpolating using kriging versus using the AIPC method is that
kriging involves fitting parameters in a statistical model for the gummed-film
measurements prior to performing the interpolation. Because kriging is the most
important method used to obtain deposition estimates, much of this section is
devoted to reviewing the NCI report’s application of this method.

Overview of Kriging

Various substances are spatially distributed, that is they have unique values
at each point in space or at each geographic location. Examples are the amount of
minerals in the ground or the amount of fallout contamination deposited on the
soil. Various methods can be used to estimate the amount of minerals, fallout, etc.
at locations where no measurement data exist. The simplest such technique is the
average of the measurement data nearby to the site of interest. More sophisticated
estimation techniques are usually termed as interpolative methods. One such tech-
nique is kriging, named for D.G. Krige, a South African mining engineer and a
pioneer in the application of spatial interpolation. Kriging, developed by Prof.
Georges Matheron and his associates at the Institute for Mathematical Morphol-
ogy in Fontainebleau, France is the process and method of estimating the local
value of a spatially distributed quantity while considering the interdependence of
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the measurements within the region. The mathematics of this technique are
designed to minimize the error in estimation by using information about the simi-
larity (“covariance” in mathematical terms) of adjacent data points. Interested
readers can consult various introductory texts on this subject (see, for example,
Isaaks and Srivastava 1989).

Kriging is considered an appropriate technique for the interpolation of data
measured at a small number of locations and where some degree of spatial corre-
lation is exhibited; that is, when values at locations in close proximity are as-
sumed to be more similar than are values at locations far apart. As discussed by
Beck and others (1990), the HASL gummed-film stations provide a set of mea-
surements that have both characteristics, and thus, kriging is a reasonable tech-
nique for estimating deposition of I-131 from the Nevada Test Site.

Kriging, in any specific setting, involves considerable modeling before inter-
polations are computed. The answers supplied by kriging will depend in impor-
tant ways on choices made by the analyst, generally with incomplete knowledge
about which choice is correct for a given situation. The modeling issues to be
dealt with include:

• The possible selection of a transformation of the measured data, typically
used to improve the symmetry or normality of the overall distribution of mea-
surements.

• The use of additional covariates available at the data locations and at the
points of interpolation to supplement or improve the interpolations.

• The form of the function or the variogram used to describe the pattern of
spatial correlation between measurements.

In practice, the variogram model is a positive linear combination of a small
number of standard models that still allows for variation in the parameters of the
standard models. The range of dependence is one parameter to be estimated. Hav-
ing made these modeling choices, parameters in the regression function and
variogram were estimated for each day. The resulting kriging estimator or predic-
tor at a specific point is a linear function of the data involving the spatial correla-
tion. In this sense, kriging is similar to multivariate regression analysis, but with
the extra complexity involved in modeling spatial correlation.

In most uses of kriging, the kriging estimator is exact; if the data value is
known at a location then the kriging estimate at that location will coincide with
the data value. This property was used by the authors of the NCI report to validate
the variogram model. To estimate the magnitude of the error in the interpolations,
the authors sequentially deleted each location from the data set and used only the
remaining data locations to estimate the value at the deleted one; the estimated
values were then compared with observed values.
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Kriging and the NCI Study

The kriging methods used in the NCI report used the following choices: a
logarithmic transformation of all the nonzero measurements was made to im-
prove the normality of the distribution of the gummed-film measurements. Ad-
justments were then made to incorporate information pertaining to precipitation
in each county for the day in question. If more than one measurement of rainfall
existed for a particular county, the arithmetic average was used, and if no mea-
surements were available, assignment of a precipitation value was based on the
closer measurements in the adjacent counties. It appears that residuals were com-
puted and then kriged and added to the precipitation component, but details are
not given in the report. A data-driven approach was used in modeling the spatial
correlations; variograms were chosen from among several candidates to give the
best fit to a single day’s gummed-film measurements using an average error crite-
rion (C. Gogolak, private communication).

The value of kriging for estimating I-131 deposition depends, first, on the
quality of the measured data—here the gummed-film estimates of deposition at
HASL stations—and, second, on the number and location of the sampling sta-
tions. Accordingly, the evaluation of the adequacy of the gummed-film data and
the number of monitoring stations is essential to an overall appraisal of whether
the task set for NCI was likely to succeed.

The principal discussion of the quality of the gummed-film measurements
appears in a publication by Beck and others (1990). Table 7 in that report gives
data that compare estimates of cumulative cesium-137 derived from gummed-
film beta-activity data with direct measurements of cesium from analyses of soil
samples. The correlation between the two estimates is extremely high (~0.95).
Data are given only for 11 stations, not all of which have complete data, but the
comparison certainly adds credence to the deposition estimates based on the
gummed-film data. Beck and others (1990) estimate that the errors in deposi-
tion estimates for a given site and shot are probably no worse than a factor of 2
and that uncertainties in estimates of cumulative deposition are much lower.
Nevertheless, that discussion—along with the data in Table 7 of that report—
indicate that, even for total deposition, the fraction of variability attributable to
measurement error could still be a significant portion of total deposition vari-
ability, perhaps 50 percent, depending on how the rather vague comments about
uncertainty are interpreted. Further, Beck and co-workers claim that errors in
the gummed-film estimates are essentially random. Kriging can be modified to
incorporate random error in the measurements themselves. This was not done
by NCI collaborators, although some ad hoc adjustment to the kriging estimates
of variability (see Table 3.7, NCI report) were made to account for errors in
both the gummed-film measurements and the precipitation index used as a co-
variate in the analysis. A more systematic incorporation of measurement error
into the kriging would have altered the interpolation estimates as well as the
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variability of the estimates. In this case, the kriging estimator would not be ex-
act at data locations, but theoretically would improve the predictions relative to
methods that ignore the measurement error. Incorporation of measurement error
into the kriging generally requires outside information concerning the magni-
tude or variance of measurement error at each data location and can complicate
assessments of prediction error.

Turning to the number and location of the HASL stations, the adequacy of
the monitoring system for the production, at the county level, of reasonable es-
timates either of deposition from a specific shot or of total deposition, depends
greatly on the basic structure of the spatial correlation among measurements. If
spatial correlations are high, then few measurements will be needed to character-
ize deposition, even in counties far from the locations for which measurements
are available. If they are low, then trying to form county-specific estimates is an
exercise in futility, even though estimates over much wider areas—states, re-
gions, or the country as a whole—can be reasonably accurate. The report gives
no specifics concerning the spatial correlation pattern of the gummed-film data.
Beck and others (1990) give gummed-film data for several locations for several
important tests (Table 5, Beck and others 1990), so some spatial correlation is
observed in the data, although no specific analysis is provided.

Magnitude of Error

Pages 3.29 and 3.30 in the NCI report present some general remarks about
the magnitude of error in the estimates of deposition obtained by kriging. The
report finds that the predicted values, as estimated by a variety of means, are
generally accurate within about a factor of 3 and do not appear to contain any
significant bias in either direction. This factor-of-3 estimate is by itself difficult
to interpret. Apparently, it refers to the magnitude of error in the estimates of a
single day’s deposition in a specific county. It is not clear, however, whether
the factor of 3 is to be regarded as a 95 percent confidence interval or as a single
standard deviation. The committee assumes that it is a 95 percent confidence
interval, specifically, that the GSD for a single day’s county estimate is equal to
1.75, as this usage is consistent with the rest of the NCI report.

The NCI estimate of the magnitude of error is apparently a single summary
statistic based on the magnitude of the prediction error from the cross-valida-
tion of the kriging estimates. The approach by which this estimate of uncertainty
was obtained seems reasonable. However, throughout the NCI report there is no
attempt to apportion the uncertainty estimate (GSD = 1.75) into systematic ver-
sus between-county variability, although it is likely that each type of variability
exists to some degree. In general, one could expect that adjacent counties will
have considerable sharing of uncertainties, so they are not independent. For
counties separated by larger distances, errors in the county estimates should be
independent. Without further information about the type of variogram models
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used—the rate of decay of the spatial correlations—it is difficult to determine
from the report whether counties within the same state are correlated enough
that systematic or between-county estimates, as described above, dominate.

Findings and Recommendations about Kriging

This committee finds that kriging is appropriate for the task of interpolating
the gummed-film measurements. There appears to be little question about the
general validity of wide-area deposition estimates, such as regional or nationwide
total deposition estimates. Estimates made for local areas for which good cover-
age by the HASL gummed-film stations exists, such as the cities reported in Table
7 of Beck and others (1990), also are regarded as reliable. Nonetheless, it is pos-
sible that different analysts using the same general class of techniques would
derive different answers by choosing different models. Although it seems un-
likely that important differences, such as those in wide-area average deposition
estimates, would result, estimates at the small scale could be affected consider-
ably. For example, the explicit incorporation of random error in the gummed-film
estimates at the HASL locations might lead to much less variability in the inter-
polation estimates at the county level.

There is insufficient information given in the report or appendices to deter-
mine whether county level deposition estimates are supportable and, in particu-
lar, whether variation at the county level in the deposition estimates represents
anything but statistical noise.

Recommendation: It would be desirable for NCI to ensure that the data are
preserved in electronic form and made available for possible re-analysis.

Recommendation: To the extent possible, more details should be published
on the variogram modeling as well as on the actual application of kriging, and the
computer codes used in the NCI report should be made available.

FROM I-131 DEPOSITION ON THE GROUND TO COWS’ MILK

Figure 3.34 in the NCI report is a map of I-131 deposition estimates for all
tests for all counties in the contiguous United States. Figure 4.25 of the report
gives the estimates of total time-integrated concentrations in fresh cows’ milk,
IMC. The primary path by which cows’ milk is contaminated with I-131 is inges-
tion of I-131 from contaminated pasture. Unlike the situation with deposition,
few measurements of I-131 (see Knapp 1963; Campbell and others 1959) or total
beta decay in cows’ milk or in pasture were made during the testing. To offset this
paucity of measurements, the approach taken to estimating the concentration of I-
131 in cows’ milk was to break down the transfer process into discrete steps for
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which experimental or observed data either exist or could be inferred based on
expert knowledge.

For a given county, i, moving from deposition to milk concentrations through
the pasture pathway involves the following primary estimation steps, done for
each day, j, after deposition from any particular test for 60 days thereafter.

• Estimate the initial concentration (day 0) of I-131 in pasture.
• Estimate the remaining concentration of I-131 in pasturage on day j + t (t

= 0, ... , 60).
• Estimate the amount of pasturage eaten per cow on day j + t.
• Estimate the fraction of I-131 ingested with pasturage intake that is se-

creted into milk.

Initial Concentration

The parameter used to define the initial concentration in pasture is the mass
interception factor F*(i,j), the ratio of the fraction of deposition retained in veg-
etation to the standing plant biomass (kg/m2). Multiplying F*(i,j) by deposition,
DG(i,j), on day 0, gives the initial concentration, Cp(i,j,0), of I-131 retained in
pasture (nCi/kg dry mass). This factor was treated separately for wet and dry
deposition. Estimates of F*(i,j) for periods of dry deposition were based on a
review of experimental work by Chamberlain (1970). The value of F*(i,j) for dry
conditions, F*dry, used in the report depends on the value of standing crop bio-
mass, Y, and on the distance from the Nevada Test Site. The reason F*dry is
assumed to depend on distance is that distance is treated as a surrogate variable
for particle size, which has been found to affect mass interception. The relation-
ship between distance from the test site and particle size is based on a limited
amount of data, which are summarized by Simon (1990).

The mass interception fraction for wet deposition was found to depend on the
amount of rainfall or standing crop biomass. Empirical values were in an experi-
mental program (Hoffman and others 1992; 1989) set up by the NCI though the
NCI dose estimates in the 1997 report used an earlier formula derived by Horton
(1919) for that parameter. The distribution of total standing crop biomass needed
for calculating F*dry was assumed to be lognormal with a median of 0.3 kg/m2,
and GSD of 1.8 (see p. 4.4, NCI report), based on data from Baes and Orton
(1979).

Concentrations in Pasture on Day j + t

Radioactive decay and environmental removal processes are assumed to re-
duce the initial amount of radioactivity deposited on pasture grass. The NCI re-
port takes as the combined effect of decay and environmental removal an envi-
ronmental half-life, λe, of 4.5 days. Experiments by Hoffman and others (1989)
found no important systematic differences in λe by physico-chemical form; that
is, particle or soluble I-131, plant growth rate, or the fall of subsequent uncon-
taminated rain.
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Amount Eaten by Dairy Cows

The NCI report notes that pasture practices of the 1950s differed from those
of today, with more reliance then on outdoor grazing. Reconstruction of pasturing
practice of the 1950s relied primarily on Dairy Herd Improvement Association
data for several variables, including average weight of cows, milk yield, and dry-
matter intake. Expert opinion was obtained to fix the beginning and end of the
pasture season and the fraction of dry-matter intake attributable to pasture. Those
data were developed for each of 67 pasture regions (NCI report, Figure 4.10) in
the contiguous United States. The database was used to estimate the amount of
pasture eaten by cows in each county on each day of interest.

Those data were modified for backyard cows by extending the pasture sea-
sons for each pasture region and assuming that backyard cows were fed entirely
on pasture during that extended season. However, this committee finds the defini-
tion of a backyard cow confusing and possibly misleading. Careful reading of the
NCI report is required to understand that Category 1 milk (see below) includes
milk from small farms that is consumed on the farm; this is not, in general, the
same as milk from a backyard cow. In the 1950s there were just as many, or
possibly many more, people living on small dairy farms as there were people who
owned one or two cows. It is important to distinguish more clearly the consump-
tion of fresh milk from cows on small dairy farms from milk that came from true
backyard cows. On the dairy farms, families drank fresh milk within hours of
collection, but the cows would have had standard pasturage and higher milk yield.
In the 1950s in high-milk-producing states and areas (for example, in upstate
New York) the relatively small dairy farm was common. As the report stands
now, it would be easy for someone growing up on a small farm to estimate his or
her dose erroneously because of confusion about what constitutes a backyard
cow.

Intake from pasturage is converted into a daily pasture intake equivalent,
PI*(i,j), which is the ratio of the total activity of I-131 in pasturage actually eaten
to the time-integrated concentration in pasture at the time of deposition.

Percentage I-131 Ingested with Pasturage Intake Secreted into Milk

The cumulative fraction of I-131 after a single episode of intake that is se-
creted into cows’ milk (on a per-liter basis) is estimated to be equal to 5 percent,
with a range of 1-20 percent, and it varies not only between animals but also in
the same animal at different times. The NCI report describes the transfer of I-131
from pasture to milk primarily in terms of an intake-to-milk transfer coefficient,
fm, defined as the time-integrated concentration of I-131 activity in milk (nCi d
per L) per unit of I-131 activity consumed (nCi). Much of the published data
(summarized in Table 4.6, NCI report) give fm estimates based on dozens of
feeding experiments, with each experiment reporting results from a relatively
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small number of animals. The NCI report (p. 4.21) assumes that fm for I-131 in
Nevada Test Site fallout is distributed as lognormal random variables with a geo-
metric mean of 4 × 10-3 d per L for any county in the contiguous United States for
any time of year.

The time-integrated concentration of I-131 in milk resulting from a deposi-
tion on day j in county i is computed as

IMCp(i,j) = DG(i,j) × F*(i,j) × te × PI*(i,j) × fm

Similar calculations are provided for other exposure routes.

Findings

The basic NCI approach to estimating, for each county, the median time-
integrated concentration of I-131 in milk after a given deposition is sound. Al-
though few or no relevant measurements of I-131 contamination of milk from the
Nevada tests exist, the NCI review of experimental work on fm and F*(i,j) is
extensive, and much work has been done on the major components of the pasture-
cow-milk pathway.

The assumption of a uniform weathering half-life of 10 days in all situations
is undoubtedly a crude approximation; some evidence that λe is less than this
(perhaps 3-4 days) in the spring months is provided by the International Atomic
Energy Agency (IAEA 1996). The committee would expect fm to depend on par-
ticle size, with higher milk transfer rates for smaller particles, so that eastern
areas distant from the Nevada Test Site might have had relatively more of the I-
131 in pasturage transferred into cows’ milk. This is supported by the relatively
high fm (0.0061-0.0127 d per L) reported by Weiss and others (1975) and
Voillequé and others (1981), working with fallout from far distant atomic weap-
ons tests. The reconstruction of pasture practices of the 1950s is inherently less
certain than are the rest of the calculations, the likelihood that they are grossly in
error seems low, given the extensive effort that has gone into the process. The
assumption that hay, rather than fresh pasturage, is uncontaminated, is crucial to
the calculations of cows’ intake of I-131. This appears to be partly confirmed by
the Chernobyl experience; BIOMOVS (1991) found a factor-of-10 difference
between I-131 concentration in milk from cows on and off pasture.

There is a point of confusion regarding the uncertainty analysis described at
the end of Chapter 4 of the NCI report. The uncertainty analysis is designed to
estimate the variability of the county average concentrations of I-131 in fresh
cows’ milk, not to give more-individualized estimates of variability. Because it is
the variability of the county level estimates that is at issue, the method used seems
to exaggerate the importance of uncertainties in the milk transfer coefficients and
probably in the mass interception factors as well. This error results from the fail-
ure to differentiate between the uncertainties of averages relative to the uncertain-
ties of individual items in the average. The report assumes that milk transfer
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coefficients are distributed as lognormal variables with a geometric mean, 4 × 10-3 d
per L, and GSD, 2.1. This appears to describe reasonably well the data in Table
4.6 of the NCI report, but each experiment reported in this table is based on a
small number of animals. However, a given county could have contained hun-
dreds or thousands of dairy cows. The variability of average fm over these larger
herds is sure to be smaller than would be the variability in fm in a single cow.

Nevertheless, there is uncertainty as well as variability between cows in the
average fm that should be assigned to the animals making up the dairy herds of the
1950s. It is likely that values based on relatively recent data are not appropriate
for the 1950s. It is also probable that true backyard cows would have had lower
milk production and higher fm than would commercial cows of that time. A recent
survey (Brown and others 1997) of 10 experts’ interpretations of the likely aver-
age value of fm for future reactor accidents yielded estimates that range from
0.004 d per L to 0.011 d per L, with a wide range of uncertainty attributed to the
estimates. This subjective probability assessment, although intended for reactor
accidents rather than for weapons fallout, indicates that the value of fm used in the
NCI report (0.004 d per L) is uncertain to a possibly important degree and that not
all of this uncertainty is caused by random variability among averages of small
groups of animals.

Similar remarks can be made about the mass interception factors. A single
county can contain a variety of pastures, and the average F*(i,j) over these types
could be much less variable than would be the mass interception factors obtained
in single experiments. Although the NCI report does not explicitly incorporate
uncertainty in the fraction of intake from pasture, errors in the fraction of intake
from pasture could produce both systematic errors affecting large numbers of
counties and between-county errors. In general, however, systematic uncertain-
ties, after proper accounting for averaging in this part of the calculations, are
likely to be small based on the extensive experimental data available.

FROM FRESH MILK TO HUMAN INTAKE

Figure 6.2 in the NCI report is a map of estimates of integrated concentra-
tions of I-131 in volume-weighted milk for all tests. Figure TS.3 gives the esti-
mated time-integrated concentrations of I-131 in volume-weighted mixed milk.
Going from Figure 4.25, which shows integrated concentrations of I-131 in fresh
cows’ milk, to Figure 6.2, involves multiplying the estimates of each county’s
integrated concentrations in fresh cows’ milk by the estimates described in Chap-
ter 5 of the NCI report for the fluid-use milk production of each county. The
estimates in Figure TS.3 for integrated concentrations in volume-weighted mixed
milk are obtained from volume-weighted fresh milk by application of milk trans-
fer functions, VOL(i,j), which describe the transfer of milk between counties.
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Milk Production

Chapter 5 of the NCI report describes the modeling of the milk production
and distribution system for the 1950s, which was used to develop the VOL(i,j)
values. Milk production for fluid use and size of milk surplus for each county,
assumed constant over the years of interest, were estimated using U.S. Depart-
ment of Commerce data, U.S. Department of Agriculture (USDA) data, and cen-
sus data as follows:

• The number of cows in each county in 1954.
• State statistics on the amount of milk used for non human consumption on

farms.
• State statistics on the amount of milk used in manufacture of food prod-

ucts.
• Per capita milk consumption in each state.
• Population in each county.

The county level data were imputed by apportionment of state data.
The distribution of fluid milk from counties with surpluses to counties with

deficits was modeled. This was done by classifying fluid milk production in each
county into four categories corresponding to four population groups:

• Category 1, those living on farms in the county where the milk is pro-
duced.

• Category 2, those living in the county where the milk is produced but not
on farms.

• Category 3, those living in a group of neighboring counties within a des-
ignated milk region.

• Category 4, those living at greater distances in other milk regions.

The model for the distribution system first moves milk from counties with
surpluses to neighboring counties with deficits (Category 2 milk), then to other
counties in the milk region with deficits (Category 3 milk), and finally from milk
regions with surpluses to neighboring milk regions with deficits (Category 4
milk). Time-integrated concentrations of I-131 in milk coming out of the distri-
bution system for human consumption are calculated based on an assignment of
delay time between production and consumption of 1 day for Category 1 milk, 2
days for Category 2, 3 days for Category 3, and 4 days for Category 4. The
information on which the estimates of volumes and the direction of milk flow
within and between milk regions and the data on delay times between production
and consumption are based is described as “qualitative.”
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Findings

The largest source of uncertainties in the county milk production estimates is
most likely in the apportionment of state data on the amount of milk used in
manufacture to form county estimates. Errors in such apportionment add to be-
tween-county uncertainties in the size of county surpluses or to deficits in fluid
milk production but would not add to systematic uncertainties because the state
statistics were known.

The errors in I-131 concentration coming from incomplete information in the
modeling of milk distribution would add to systematic error only if the delay
times between production and consumption assumed for each category of milk
are incorrect. Even the addition of 2 extra days between production and consump-
tion in all of the categories would reduce average I-131 concentration levels only
by about 15 percent.

The uncertainty analysis provided on pages 6.4-6.6 of the NCI report starts
with the uncertainties in the county estimates of time-integrated concentrations of
milk. These initial uncertainties, as discussed above, might be too large because
they appear to neglect the effect of pooling in averaging out variations in such
factors as milk transfer coefficients, fm, except for Category 1 milk, where it is
more reasonable that intake depends on the production of only a few cows.

The uncertainty analysis does not explicitly deal with the effect of errors in
the VOL(i,j) terms that define the milk distribution system. These would appear
to add significantly to between-county uncertainty but not to overall systematic
error. Given that kriging has produced estimates of deposition that are generally
accurate only to within a factor of 3, much of the variability of which must be
within-county rather than purely systematic, the level of detail used in the recon-
struction of the milk distribution system seems unwarranted. Nevertheless it rea-
sonably represents many broad features of milk distribution in the country.

Individual Consumption of Milk

Milk consumption is assumed in the NCI report to vary by age, race, and sex,
but not by time, over the period 1950-1965. Detailed descriptions of infant, child,
and adult milk consumption are based on several reports (Yang and Nelson 1986;
Rupp 1980; Durbin and others 1970; Thompson 1966; PHS 1963b; 1963a). Data
on milk consumption patterns at the county level are not available. Differences
among regions of the country and in the degree of urbanization (city versus coun-
try) in milk consumption are used in the milk consumption model based on statis-
tical data for 1954 (USDA 1955). Considerable data on the distribution of milk
consumption (based on PHS 1963b), in addition to average milk consumption,
are presented in the report and were used in the calculations.
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Findings

Uncertainties in the milk consumption data exist principally because they are
based on self-reports of individual or family members’ consumption, for limited
periods (3-7 days), and for finite (although relatively large) samples of subjects.
The committee noted some inconsistencies in the self-reports. For example,
USDA (1955) reported per capita milk consumption rates by region, using infor-
mation collected over 1 week in 1955, that were somewhat higher than other
USDA estimates based on total amount of milk for fluid use for that year. The
reliance on regional statistics for use at the individual county level adds some
error in individual county estimates. The likelihood of systematic error affecting
regional estimates of consumption appears small, however, reported milk con-
sumption rates were adjusted to correspond to production. The data used in esti-
mating infants’ and children’s consumption of milk are necessarily somewhat
less certain than are data for overall per capita consumption, but again the likeli-
hood of important systematic errors in these data seems small.

FROM INTAKE TO THYROID DOSE

National Cancer Institute county estimates of thyroid dose resulting from
consumption of cows’ milk are developed according to age and sex, which influ-
ence both the amount of milk consumed and the dose conversion factor (mrad/
nCi) by which a given time-integrated concentration of I-131 in milk is converted
to thyroid dose.2 Determination of a dose conversion factor involves analysis of
the fraction of ingested I-131 that is taken up by the thyroid, the size and geom-
etry of the thyroid, the average energy of beta rays from the physical decay of I-
131, and the biologic half-life of I-131 in the thyroid.

Appendix 6 of the NCI report gives a summary of the available data regard-
ing weight of the thyroid (in children, adults, and fetuses), fractional uptake of I-
131 to the thyroid, the biologic half-life of I-131, and the homogeneity of the
distribution of dose within the thyroid. Information about population averages of
the basic determinants of dose varies from good (for thyroid weight and uptake in
adults) to poor (for uptake and biologic half-life in fetuses, for which models, but
few data, are available for dosimetry analysis).

The NCI reports dose conversion factors as ranging from 1.3 mrad/nCi (3.5 ×
10-7 Gy/Bq) for adults to 12-15 mrad/nCi (3.2 × 10-6 to 4.1 × 10-6 Gy/Bq) for
infants. The variability of such fundamental factors as the size of the thyroid
(perhaps a 20-fold variation around the median values in adults and children at
any given age, Figure A6.1, NCI report) is large at the individual level. Greater

2 The units of mrad/nCi as used in the NCI report are conventional units; the same quantity could
also be expressed in international units of gray per bequerel (Gy/Bq) though the numerical value
would be different (1 mrad/nCi = 2.7 × 10–7 Gy/Bq).
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thyroid mass translates to lower dose (dose = energy absorbed per gram of tissue),
so individual doses in response to the same intake of I-131 are potentially highly
variable. (Differences in thyroid size between individuals could be offset by com-
pensating factors in fractional uptake.) This likely interindividual variability is a
source of additional skepticism concerning the factor-of-5 estimate of the vari-
ability of individual thyroid dose estimates cited in Chapter 8 of the NCI report.

The population of the United States between 1950 and 1960 was about 160
million, and the derived average thyroid dose from the I-131 produced by the
collective tests (150 MCi or 5.6 × 1018 Bq) was estimated to be about 0.02 Gy (2
rad). It should be noted, however, that doses to specific persons can vary substan-
tially about this mean, depending on age at exposure, diet, and, to a lesser extent,
location at the time of the tests. To give perspective to the estimated average
thyroid dose, this committee observes that standards for radiation exposure of the
public evolved during the 1950s perhaps because of the presence of radioactive
fallout from weapons testing in the United States and elsewhere. As developed in
Appendix E of this report, the standards available during the Nevada Test Site
operations were for protection of radiation workers, with limits for thyroid expo-
sure that ranged from 15 to 30 rem per year. It became general practice in the
1950s to limit public exposure to one-tenth that for occupational workers, and on
this basis exposures of 1.5 to 3 rem per year to members of the public would have
been considered safe with no requirement for public intervention. In particular,
children and other persons regularly consuming milk from backyard animals could
have received doses that exceeded these limits. Athough the doses to most people
over the age of 15 years were below the limits, it should be recognized that the
limits applied to all individuals, not population averages.

VALIDATION AND UNCERTAINTY IN COLLECTIVE OR
AVERAGE DOSE ESTIMATES

It is especially important, from the point of view of assessing the overall
validity of the NCI report, to confirm the collective and average dose to the Ameri-
can people and the extent of the uncertainty in these estimates. This committee
has, therefore, developed a “top down” approach to validate NCI’s “bottom up”
approach. It should be stressed that this committee’s approach should not be seen
as a substitute for the rigorous analysis applied by NCI, but it does provide the
opportunity to confirm the general correctness of NCI’s primary estimate.

Only iodine that undergoes radioactive decay in the thyroid glands of U.S.
citizens contributes to the collective dose. If NCI’s estimate of the amount of I-
131 released in the total testing period (150 MCi) and the collective dose of 4 ×
108 person-rad are correct, only 1 in 1 million I-131 decays contributes to the
collective dose; the remaining 999,999 decay harmlessly on the ground, in the
atmosphere, in cattle, and so forth. The committee therefore assumed that the
pasture-cow-milk-man pathway was the dominant route of exposure and consid-
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ered 6 “filtration” steps along the route through which those I-131 decays con-
tributing to collective dose would have to pass. The steps are as follows:

• Step 1, the fraction of I-131 deposited on the mainland of the United
States.

• Step 2, the fraction retained on pasturage.
• Step 3, the fraction consumed by cattle before it decayed.
• Step 4, the fraction of total pasturage consumed by cattle.
• Step 5, the fraction the cattle consumed and that entered the milk.
• Step 6, the fraction in total produced milk that was consumed.

By then multiplying the amount of residual activity that remains after Step 6
by the total released activity, and converting that to dose, the collective dose of
U.S. citizens is estimated. For example, of the amount released, 25 percent was
estimated to be deposited in the 48 contiguous states and 75 percent either de-
cayed in the atmosphere, was carried out of the contiguous states, was deposited
on nonpasture land, or was otherwise filtered out of the chain. At Step 2, of the 25
percent deposited, the fraction intercepted by the pasture is estimated. This pro-
cess continues through the remaining steps. Full details of the calculation are
given in Appendix C.

At the completion of this “chain of filters” the estimated collective dose is 8
× 108 person-rad, twice the value determined by NCI. Given the rough nature of
this committee’s calculations, this is considered by the committee to be good
agreement and should provide confidence that the NCI estimate is not grossly
under or over the actual value.

This committee is, however, concerned that NCI’s estimate of the uncer-
tainty in the collective dose is too low. The only discussion to date of this figure
has been in the material presented to the committee by Dr. Charles Land of NCI.
The material states that the GSD for the collective dose estimate is 1.4, so the per
person thyroid dose could vary by a factor of 2 in each direction (that is, the
average individual doses lie between 0.01 and 0.04 Gy). Based on estimates of
the uncertainty in each step in the filtration chain above, the 5 percent and 95
percent confidence limits for the collective dose are 5 × 107 and 3 × 109. This
would give the range for average individual doses as 0.0025-0.15 Gy (0.25-15
rad). In fact, to arrive at an uncertainty factor of 2 in either direction, using the
simplified model above, would require an uncertainty of 30 percent at each step
in the filtration chain. Given the overall effect of this filtration process, the com-
mittee is concerned that the NCI estimate of uncertainty is be underestimated.

The range of likely collective dose estimates implies that there is a probabil-
ity (see Chapter 3 of this report) that substantial elevations in thyroid cancer
incidence were produced by the Nevada tests for large groups of Americans. At
the same time, there is a corresponding probability that the NCI report’s calcula-
tion is too large and that the increase in thyroid cancer incidence is quite small.
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Because of the sensitivity of the thyroid to radiation, epidemiologic methods (the
study of observed thyroid cancer rates) could in fact provide an important indica-
tion of the size of the collective dose, and such analyses can and should be used to
reduce the uncertainties in the collective dose estimate.

This committee, by independently validating the “order of magnitude” of the
NCI’s estimate of collective dose, is confident that there has been no gross over-
or underestimation, but it is less confident that the uncertainty in the estimate has
been realistically determined by NCI. It should, however, be noted that within
these collective and average doses are concealed large differences in individual
doses that depend on factors such as lifestyle and age at the time of testing. In this
aspect lie important public-health implications of the Nevada atomic weapons
tests.

Variation of Estimated Doses by Geographic Location and by
Year of Birth

Considerable variation of possible doses is obvious from inspection of the
data from the NCI report at a selection of locations across the country. Table 2.1
provides a summary of thyroid doses for 20 cities across the United States for
four different consumption scenarios. In addition to the wide variation, it is obvi-
ous that some northeast locations have predicted doses similar in magnitude to
those in the mountain states.

Considerable variation in dose is also predicted as a consequence of date of
birth for a single location (Denver, CO is used as an example). Table 2.2 gives the
estimated dose for individuals born in 5 year increments from 1937 to 1962. The
date of birth resulting in greatest exposure is about 1 January 1952.

This table shows the relative difference in dose due to the age at time of
testing. For example, an individual born in 1932 would have received 9 percent of
the dose of someone born in 1952; someone born in 1947 would have received
about one half that dose.

CONCLUSIONS

The NCI report presents a comprehensive rationale for assuming that signifi-
cant thyroid doses were experienced by many in the U.S. population, particularly
for the youngest birth cohorts, as a result of the fallout of I-131 from the nuclear
weapons testing program. The overall report is thorough, but complicated, and
complexity is the price paid for the amount of detail in the results presented, for
example, in the estimates for representative age groups and for milk intake pat-
terns in each county within the continental United States. Between-county and
systematic uncertainties are important in determining the public-health signifi-
cance of the estimates. Although it is recognized—both in the report and in the
material made available on the NCI Web site—that uncertainties in county dose
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TABLE 2.2 Variations in Dose as a Consequence of Date of Birth

Reference Ratio of dose in birth year
Birthdate dose (mGy)a to dose for those born in 1952

Jan. 1, 1962 0.0001 0.000001
Jan. 1, 1957 85 0.71
Jan. 1, 1952 120 1.00
Jan. 1, 1947 64 0.53
Jan. 1, 1942 44 0.37
Jan. 1, 1937 25 0.21
Jan. 1, 1932 11 0.09

estimates are important, no clear statements in the report distinguish between
systematic and between-county uncertainties. It is likely that within-county un-
certainties produce a significant portion of overall uncertainty in thyroid dose,
which means that the level of detail presented (county estimates, rather than esti-
mates over much broader regions) is probably inappropriate.

aDivide by 10 to convert to rad.
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3

Health Risks of I-131 Exposure

The major health risks associated with exposure to iodine-131 (I-131) in-
volve the thyroid gland, which concentrates this radionuclide. Assessment of the
magnitude of the public-health problem posed by exposure to I-131 estimated by
the National Cancer Institute (NCI 1997a) entails understanding

• The biology of the thyroid gland.
• The relationship of exposure to ionizing radiation and the occurrence of

thyroid cancer.
• The effect of radiation on the frequency of nonmalignant thyroid disease.
• Projections of the risk of thyroid cancer through the lifetime of exposed

individuals.
• The estimates of the proportion of cases of I-131 related thyroid cancer

that have already occurred.

THYROID GLAND BIOLOGY

The thyroid gland (see Figure 3.1) is a butterfly-shaped, ductless gland astride
the trachea on the anterior side of the throat.

The gland usually begins as an endodermal thickening and a pouch in the
floor of the pharynx, visible about 3 weeks after conception. Thyroid follicular
cells develop in the embryo, and by the 10th week of gestation, iodine is accumu-
lated and colloid is present within the follicles. Thyroxine then becomes detect-
able and the gland is functional (O’Rahilly and Muller 1992). The thyroid gland
is the source of several hormones in which iodine is an important constituent. The
thyroid is the only organ in the body that greatly concentrates and retains iodine.
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Normal Thyroid Physiology

Concern about the carcinogenic effects of exposure to radioiodine on the
thyroid gland is motivated by three major factors. First, evidence has accumu-
lated that the thyroid gland is uniquely sensitive to the effects of radiation. There
is some evidence that measurable increases in thyroid cancer can occur with ex-
ternal doses of radiation as low as 0.1 sievert (Sv) (10 rem). A finite risk at low
doses of that magnitude is consistent with risks for other solid cancers reported
for the Japanese atomic-bomb survivors (Pierce and others 1996). Second, the
cow-milk-man pathway described in the NCI (1997a) report and discussed in
Chapter 2 of this report provides a mechanism by which radioiodines in the envi-
ronment can be greatly concentrated in the human food chain. Finally, because
most of the radiation dose is from ingested or inhaled radioiodine, the radiation
dose to the thyroid is 500-1,000 times greater than is the largest radiation dose to
other organs in the body.

For several reasons, persons exposed to I-131 as children are uniquely at risk
for carcinogenic effects. First, children drink more milk relative to their body size
than do adults. Second, the same amount or a higher fraction of internalized io-
dine is concentrated in the smaller thyroid glands of children; therefore the radia-
tion dose to the thyroid in children is higher than it is in adults. Finally, studies of
children whose thyroid glands were exposed to external radiation suggest a strong
inverse relationship between age at exposure and the carcinogenic effects of ra-
diation on the thyroid. Over the age of 15, little increase in thyroid cancers has
been observed. Below the age of 15, thyroid cancer increased by a factor of ap-
proximately 2 for every 5 years’ decrease in age. Not only is the frequency of
malignant nodules increased by thyroid irradiation, but benign nodules also occur
with greater than usual frequency after irradiation (Wong and others 1996).

Stable iodine and its radioactive isotopes are water-soluble and readily ab-
sorbed, either from the gastrointestinal tract after ingestion or through the lungs

FIGURE 3.1 Anatomical drawing of thyroid location (courtesy of American
Cancer Society).
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after inhalation. The first step in the synthesis and storage of thyroid hormone
involves a mechanism for concentrating iodine from extracellular fluid, variably
called the iodine pump, the transport mechanism, the iodide-concentrating mecha-
nism, or the iodine trap. Transport of I− across the thyroid membrane is an
energy-dependent process linked to the transport of sodium; this fact led to the
concept of an Na+-I− cotransport (symport) system, with an ion gradient gener-
ated by Na+-K+ ATPase as the driving force. By this mechanism, the thyroid
attains remarkably high concentrations of iodide; concentrations of 30 to 40 times
that in blood are usual though values in excess of 400 fold over the level in the
bloodstream have been recorded (Taurog 1996). Other tissues in humans contain
sodium iodide symporters: the gastric mucosa, salivary glands, mammary glands,
choroid plexus, ovaries, placenta, and skin (Smanik and others 1996). Breast tis-
sue, which contains iodine symporters, can therefore pump iodine into breast
milk.

Once iodine is concentrated in the thyroid follicular cell, it is incorporated
into tyrosine molecules that form part of a larger protein, thyroglobulin. Thyro-
globulin is the storage form of thyroid hormone that is kept, often for long peri-
ods, within the thyroid gland. Once iodine has been incorporated into proteins by
the thyroid, the biologic half-life of iodine within the thyroid is typically 80-120
days; non-protein-bound iodine has a biologic half-life of several hours in the
body. The long half-life of thyroid iodine results in nearly all of the energy from
the I-131 being deposited in the thyroid. The liver inactivates thyroid hormone,
breaking it into smaller, biologically inert components that are eventually ex-
creted by the kidney. Thyroid hormone is essential to life. It regulates many meta-
bolic processes, including the rate of cellular oxygen consumption, and it affects
the performance of many body systems, including the heart and nervous systems.

Breaking down thyroglobulin within the thyroid produces two main forms of
thyroid hormone, tetraiodothyronine and triiodothyronine, which are then secreted
into the blood. Tetraiodothyronine (thyroxine) is secreted in much greater quanti-
ties than is triiodothyronine; it has 4 iodine molecules and a half-life of about 7
days in the circulation. Triiodothyronine, the most potent thyroid hormone, has 3
iodine molecules and a half-life of about 12 hours in serum. Most of the triiodo-
thyronine in the blood comes from conversion of tetraiodothyronine to triiodo-
thyronine by the body.

The unique ability of the thyroid gland to concentrate iodine has enabled the
effective use of radioiodines in the diagnosis and treatment of thyroid disorders,
including an overactive thyroid (Graves disease or toxic multinodular goiter), and
differentiated (papillary and follicular) thyroid cancers (Mazzaferri and Jhiang
1994). Given for medical purposes in doses that range from 5 to 200 millicuries
(mCi), I-131 efficiently destroys overactive and malignant thyroid tissues.

For many years, I-131 was used in very small amounts (50-100 mCi) for
diagnostic studies. Typically, these were 24-hour thyroidal radioactive iodine
uptake, which is a measurement of the amount of iodine taken up by the thyroid

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


48 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

from the blood and thyroid imaging studies that give some information about the
configuration of the thyroid. (This is in contrast to larger doses of I-131, in the
range of 10 to 200 mCi, that are given to ablate malignant thyroid tissue or to treat
overactive thyroid glands. Large doses of I-131 ordinarily destroy the thyroid
gland and thus do not induce thyroid cancer.) In addition to diagnostic and re-
search exposure, children have also experienced therapeutic exposure to I-131 as
described below.

Thyroid Cancer and Thyroid Nodules

Thyroid cancer is usually clinically manifested as a nodule on the gland.
Most thyroid nodules are benign. Palpable thyroid nodules, both benign and ma-
lignant, increase in frequency with age and are more common among women
than they are in men. Although studies vary, perhaps 5 percent of women over the
age of 50 and about 1 percent of men over 50 have thyroid nodules that can be felt
during physical examination.

The prevalence of thyroid nodules detected by ultrasonography is as much as
10-fold greater than the prevalence of palpable thyroid nodules, depending on the
population (Tan and Gharib 1997; Ezzat and others 1994). Most thyroid nodules
detected by ultrasound are small (<1 cm in diameter) and not palpable, whether or
not the population being studied has received thyroid radiation (Schneider and
others 1997; Tan and Gharib 1997; Ezzat and others 1994).

Larger thyroid nodules (1.5 cm or larger) are more likely to be associated
with clinically significant thyroid cancer (Mazzaferri and Jhiang 1994). For sev-
eral reasons, however, even these large nodules are not always palpable. First, to
detect a nodule by palpation, its consistency must be recognizably different from
the consistency of the normal thyroid gland. Second, some nodules are in areas
that are difficult to palpate, such as on the back surface of the gland or behind the
sternum. Third, the thickness of the neck of some patients makes examination of
the thyroid difficult. Finally, the examiner’s skill and the completeness of the
examination will, in part, determine the palpability of the nodule. In one study of
54 individuals who had been exposed to therapeutic head and neck irradiation
during childhood for benign conditions, ultrasound detected 157 nodules in 87
percent (47) of the subjects; 52 percent (28) had 40 nodules in all that were 1.0
cm or larger. Of the 11 nodules that were 1.5 cm or larger, palpation detected only
5, or 45 percent (Schneider and others 1997). Other studies of populations not
exposed to I-131 have reported better results (Chapter 4).

Most thyroid nodules biopsied by fine-needle aspiration (FNA) are benign,
even in patients who have a history of head and neck irradiation (Mazzaferri
1993a). The high prevalence of benign thyroid nodules in the general population
and among persons with a history of head and neck irradiation increases the risk
of false-positive test results. This is discussed in detail in Chapter 4 of this report.
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Incidence of Clinically Manifest and Occult Disease

The two principal malignancies of the thyroid follicle cell are papillary and
follicular thyroid cancer. Malignant tumors resulting from exposure to ionizing
radiation are almost exclusively papillary cancers (Nikiforov and Gnepp 1994).
Those tumors also account for more than 80 percent of the thyroid cancers occur-
ring spontaneously among persons with no known history of thyroid radiation
(Mazzaferri 1991). According to American Cancer Society estimates, 17,200 new
cases of thyroid cancer will be diagnosed in 1998 in the United States, ranking
thyroid cancer 14th in incidence among 35 categories (Figure 3.2). Its incidence
varies with gender and age and is highest in women between the ages of 30 and
70 years; the peak incidence reaches 13.2 per 100,000 per year between the ages
of 50 and 54 (see Table 3.1).

The incidence of thyroid cancer is lower in men. In men, thyroid cancer
peaks between the ages of 60 and 70, when its annual incidence is 8.6 per 100,000
(NIH 1997). In the latest Surveillance, Epidemiology, and End Result report
(SEER 1998), the average lifetime risk over a 95-year lifespan of being diag-
nosed with some form of thyroid cancer was 0.66 percent (6.6 per 1,000) for

TABLE 3.1 Thyroid Cancer (Invasive) Incidence Rates per 100,000 Persons,
1990+1994, by Age at Diagnosis

Age at Diagnosis Total Males Females

All ages 4.9 2.8 6.9
0-4 0.0 0.0 0.0
5-9 0.1 0.1 0.1
10-14 0.4 0.3 0.6
15-19 1.4 0.3 2.6
20-24 3.9 1.0 6.8
25-29 5.4 2.3 8.6
30-34 6.8 2.4 11.1
35-39 7.8 3.7 11.8
40-44 7.9 3.7 12.0
45-49 8.5 4.8 12.2
50-54 9.5 5.7 13.2
55-59 9.3 6.1 12.4
60-64 8.6 7.0 10.1
65-69 9.9 7.5 11.8
70-74 9.7 8.6 10.5
75-79 9.5 8.5 10.2
80-84 7.7 6.1 8.6
85+ 7.9 7.2 8.2

SOURCE: (NCI 1997b).
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HEALTH RISKS OF I-131 EXPOSURE 51

women and 0.27 percent (2.7 per 1,000) for men. By way of comparison, the
lifetime risks for women of developing invasive in situ breast cancer or invasive
in situ colon cancer are 14.2 percent and 6 percent, respectively. For men, the
lifetime risks of developing prostate or lung cancer are 18.8 percent and 8.4 per-
cent, respectively. The lifetime risk of dying from some form of thyroid cancer
was 0.07  percent for women and 0.04 percent for men. These figures compare to
3.46 percent and 2.53 percent lifetime risks of dying, respectively, from breast
cancer and colon/rectal cancer for women and 3.64 percent and 2.57 percent for
prostate and colon/rectal cancer for men.

The risk of dying of thyroid cancer in countries with efficient medical care
systems is low. The long-term mortality rates for papillary thyroid carcinoma are
less than 10 percent at 30 years after diagnosis (Mazzaferri and Jhiang 1994). The
American Cancer Society estimates that 1,200 people will die from thyroid can-
cer in 1998, accounting for about 0.2 percent of all cancer deaths. Unlike its
incidence, which has been rising, the mortality rates for thyroid cancer have been
falling. Between 1973 and 1994, the mortality rates for thyroid cancer dropped
more than 23 percent, both for people younger than 65 years and for people older
than 65 at the time of diagnosis (NIH 1997). See Figure 3.3.

Between 1973 and 1992, the incidence of thyroid cancer rose almost 28 per-
cent (p < 0.05)—a change that has been observed in persons both under and over
the age of 65 at the time of diagnosis. In the SEER reports, 14 of 23 cancer sites
showed increasing incidence during this period; only 4 of the 14, including thy-
roid cancer, showed decreasing mortality. The contrast between the incidence
and mortality trends has been attributed to more sophisticated detection technolo-
gies (ultrasound for nodules and FNA biopsy for cancer) and more complete
diagnostic reporting (Wang and Crapo 1997).

A large number of thyroid cancers are small, occult tumors that are usually
not detected during a person’s lifetime and that rarely progress to cause problems.
Clinically silent tumors are generally papillary microcancers smaller than 1.0 cm
in diameter. They may be found unexpectedly during surgery for benign thyroid
disease, at autopsy, or by FNA biopsy of a nodule discovered by ultrasonography.
Their prevalence varies according to the geographic location and possibly
ethnicity, the type of tumor, and the intensity of the pathologic examination
(Moosa and Mazzaferri 1997). In autopsy studies of persons who died without
known thyroid disease, the prevalence of occult thyroid cancer ranges from 5 to
13 percent among studies in the continental United States and 6 to 36 percent
among studies in Europe (Moosa and Mazzaferri 1997; Thorvaldsson and others
1992; Harach and others 1985). Occult cancer is found in all age groups but is
more frequent after the age of 40; there is no gender difference in frequency.
Thus, there is good reason to suspect many healthy people harbor tiny thyroid
cancers that will never harm them.

The problem of microcancers is not unique to the thyroid gland. Similar tu-
mors are found even more commonly in the breast and prostate. The introduction
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of sophisticated diagnostic tests has resulted in the discovery of many
microcancers that are unlikely to harm the patient. A major challenge for medical
research is to differentiate clinically significant microcancers from those that will
never harm the patient. Failure to make this differentiation will result in some
patients undergoing treatment for harmless diseases and others imprudently hav-
ing their diseases ignored. Research cited in Chapter 4 suggests that people want
to factor information about these usually nonprogressing cancers into their deci-
sions about cancer screening and treatment.

Thyroid Cancer in Persons (All Ages) Not Exposed to Radiation

Most clinically apparent papillary thyroid cancers are first manifested as one
or several palpable thyroid nodules, discovered in about half the cases by the
patient (Mazzaferri 1993a). They are otherwise usually asymptomatic, although a
small proportion of highly invasive tumors are very symptomatic. At the time of
diagnosis, the primary tumor is typically 2.0-2.5 cm, but can range from a few
millimeters to more than 5 cm in diameter.

With routine study of permanent histologic sections, about 20 percent of
papillary cancers are multiple tumors thought to represent intrathyroidal me-
tastases, but with meticulous study more small tumors (up to 80 percent in some
studies) are usually apparent within the gland (Mazzaferri 1991). Some 5-10 per-
cent of the primary tumors that occur without known exposure to radiation invade
the thyroid capsule, growing directly into surrounding tissues, thus increasing
both the morbidity and the mortality of papillary cancer (Mazzaferri and Jhiang
1994; Emerick and others 1993). The most commonly invaded structures are the
neck muscles and vessels, recurrent laryngeal nerves, larynx, pharynx, and
esophagus—but tumors can extend into the spinal cord and brachial plexus. At
the time papillary cancer is diagnosed, about 40 percent of adult patients have
metastases to regional lymph nodes and about 5 percent have distant metastases,
usually to the lung (Mazzaferri 1991).

Mortality rates for adults with papillary thyroid cancer are generally less
than 10 percent over several decades after initial therapy (Mazzaferri 1993b).
Cancer-specific mortality rates in adults with papillary cancer are about 5 percent
at 10 years and slightly less than 10 percent at 20-30 years after treatment; the 5-
year survival rate is only about 50 percent for patients with distant metastases
(Dinneen and others 1995; Mazzaferri and Jhiang 1994; Mazzaferri 1991; Hay
1990). As is characteristic of many cancers and other diseases, cancer-specific
mortality rates are progressively higher for patients over age 40 (Figure 3.4) and
among persons with more advanced tumor stages at the time of diagnosis.

Thyroid Cancer in Children Not Exposed to Radiation

Thyroid cancer that occurs spontaneously has somewhat different features in
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54 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

young children than it has in adults. In children, it is almost always papillary and
usually is at a more advanced stage at the time of diagnosis. Papillary cancer in
children more frequently invades beyond the thyroid capsule, and it metastasizes
to regional lymph nodes in almost all cases (Hung 1994; Robbins 1994; De Keyser
and Van 1985). For example, in a study of 98 children with differentiated thyroid
cancer (Travagli and others 1995), lymph node involvement was seen in 88 per-
cent of children at the time of diagnosis, and invasion of the thyroid capsule had
occurred in 59 percent.

Distant metastases also are more frequent in children than they are in adults
with differentiated thyroid cancer. In some series, up to 20 percent of children
have distant metastases at the time of diagnosis (about 4 times the rate that occurs
in adults) and another 10-20 percent of children develop them during the course
of the disease (Harness and others 1992; Schlumberger and others 1987; Goepfert
and others 1984). In fact, distant metastases are most frequently observed in the
youngest patients, especially those who are younger than 7 at initial treatment.
There is a high recurrence rate in children after initial surgical removal of tumors.

Despite the aggressiveness of thyroid cancer in children, the long-term
mortality rate is only about 2.5 percent, so survival is thus much better for chil-
dren than it is for adults (Figure 3.2) (Robbins 1994). Because death from recur-
rent disease can occur many years later, however, the prognosis evolves over

FIGURE 3.4 Incidence and cancer-specific mortality rates for thyroid carcinoma. Drawn
from the data published by Kosary CL et al. 1995. SEER Cancer Statistic Review,
1973-1992: Tables and Graphs. National Cancer Institute. NIH Pub. No. 96-2789,
Bethesda, MD.
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decades. Moreover, the statistics are somewhat misleading. In the study of
Travagli and others (1995), although relatively few deaths occurred in children,
the standardized mortality rate (SMR) was 6.4; however, 95 percent confidence
intervals (CIs) were not reported, and a few deaths might result in an unrealisti-
cally high SMR.

Ret Proto-Oncogene and Papillary Thyroid Cancer

Our understanding of the molecular genetics of thyroid cancer has grown
substantially in recent years (Fagin 1994b; 1994a; Farid and others 1994). Of
particular interest in patients with papillary thyroid carcinoma, and especially in
children who have been irradiated, are the genes on chromosomes 10 and 17
involved in paracentric inversions or translocations that result in the activation of
the tyrosine kinase domain of the ret proto-oncogene. This is the most common
event in papillary thyroid cancers occurring naturally (PTC1) and among those in
children after the Chernobyl accident (PTC3).

Normally, ret is not expressed in thyroid follicular cells and its promoter is
thus inactive. In papillary thyroid cancer, but not in other thyroid neoplasms, the
tyrosine kinase domain of ret is turned on and activated by a paracentric inver-
sion on chromosome 10 involving ret and another gene, H4, producing PTC1
(papillary thyroid cancer 1) (Grieco and others 1990). Two other genes are simi-
larly rearranged with ret: RI, which codes for a subunit of the receptor-associated
Gs protein that forms PTC2 (Santoro and others 1994), and ELE1, to form PTC3
or PTC4 (Fugazzola and others 1996; Klugbauer and others 1996; Jhiang and
others 1994).

Ret proto-oncogenes have been detected in 11-59 percent of naturally occur-
ring human papillary thyroid cancers, depending on the means of detection and
the population studied (Williams and Tronko 1996). The most common rearrange-
ment among patients with sporadic tumors is PTC1 (Jhiang and Mazzaferri 1994),
while PTC3 is the most common in children from the area around Chernobyl who
developed thyroid cancer.

RADIATION AND THYROID CANCER

Thyroid Cancer from External Radiation Exposure

Studies evaluating the risk of thyroid cancer from radiation exposure have
credence insofar as they use reasonably accurate dosimetry (calculation of radia-
tion doses to the thyroid), have substantial numbers of persons in the dose range
of interest (for this population, low to moderate doses), have a reasonably long
follow-up period, and have a high follow-up rate. The statistical power and preci-
sion of such studies, which are important in weighing the study results, are posi-
tively related to the number of thyroid cancers observed and to the mean dose.

Summary results of the seven principal cohort studies of thyroid cancer inci-
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dence among those irradiated externally before the age of 20 years are given in
Table 3.2. The study of Japanese atomic-bomb survivors has an appreciable num-
ber of subjects in the low-to-moderate dose range, as do several medical irradia-
tion studies. Some studies include people who received doses over a period of
time rather than during a single episode.

This review concentrates on data concerning irradiation before age 20 and its
long-term consequences. In the Japanese atomic bomb study (Thompson and oth-
ers 1994), a strong effect of age at exposure on thyroid cancer incidence was
seen, such that the excess relative risk (ERR) per Sv was 9.5, 3.0, 0.3, and −0.2 at
ages 0-9, 10-19, 20-39, and 40+ y, respectively. (See Glossary for an explanation
of ERR and other technical numbers in this chapter.) This provides compelling
evidence that thyroid cancer risk is inversely related to age at irradiation and that
there is little, if any, cancer risk from irradiation after age 20. The studies of
radiotherapy for tinea capitis (ringworm of the scalp) in Israel (Ron and others
1989) and for enlarged tonsils in Chicago (Schneider and others 1993) also re-
ported inverse relationship between age at exposure and cancer risk, although
these studies had more restricted age ranges.

In the study of cancer incidence among Japanese following atomic-bomb

TABLE 3.2 Thyroid Cancer ERR and EAR for Cohort Studies with Acute
External Irradiation before Age 20

Mean Observed/ EAR per
Dose Expected ERR per Gy 104 person-

Study (Reference) (Gy) Cancers (95% CI)a year Gya

A-bomb (<15 y at exposure) 0.26 40/ 19.2 4.7 (1.7,11) 2.7
(Ron and others 1995;
Thompson and others 1994)

Enlarged thymus (Shore and 1.36 37/ 2.8 9.1 (3.6,29) 2.6
others 1993)

Tinea capitis (Ron and others 0.09 44/ 11.2 32.5 (14,57)b 7.6
1989)

Enlarged tonsils (Schneider 0.59 309/ 125 2.5 (0.6,26) 3.0
and others 1993)

Lymphoid hyperplasia 0.24 13/~2.2c ~20 (9.5,37) 15.1
(Pottern and others 1990)

Skin hemangioma (Lundell 0.26 17/ 7.5 4.9 (1.3,10) 0.9
and others 1994)

Skin hemangioma (Lindberg 0.12 15/ 8.0 7.5 (0.4,18) 1.6
and others 1995)

a Both ERR and EAR estimates were based on dose-response analyses.
b When an indicator variable for irradiated vs. control group was included, the ERR slope dropped to
6.6 per Gy.
c Value estimated for this tabulation from the data available.
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exposure (Thompson and others 1994), 132 thyroid cancers were observed among
those with thyroid doses less than 10 mSv. There was a linear dose-response
relationship (p < 0.001) with no significant nonlinearity (p = 0.17). As noted
above, the excess risk caused by radiation was confined mainly to those under
age 20 at the time of the bomb; the ERR was 0.10 (95 percent CI, −0.23 to 0.75)
among those irradiated at age 20 or above. Among those under age 20 at irradia-
tion, there were 59 thyroid cancers in the group receiving 10 mSv and 25 among
those with <10 mSv. The excess risk was statistically significant for ages 0-9 and
10-19 at irradiation. The background incidence was about 3 times as high for
females as for males and it was 2.5 times as high among those who received
biennial examinations in the Adult Health Study (AHS) than it was among those
who did not; but the radiation dose-response slopes were similar by gender (p >
0.5) and AHS status (p > 0.4).

A study in Israel of 10,834 children x-irradiated for tinea capitis found 43
thyroid cancers (RR, 4.0; 95 percent CI, 2.3-7.9) (Ron and others 1989). A dosi-
metric study for this group showed the average dose was about 0.09 Gy (9 rad)
(Werner and others 1968), which has been supported by two other studies (Harley
and others 1976; Lee and Youmans 1970). The 1968 study contributes strong
evidence for an effect at a relatively low dose. A much smaller study of patients
irradiated for scalp ringworm found no substantial excess of thyroid cancer (2
observed, 1.3 expected), but the two studies are marginally compatible statisti-
cally (p = 0.07 for the difference in risks after adjusting for gender and dose
differences) (Shore 1992).

A Chicago study of 2,634 patients who received x-rays for enlarged tonsils
showed a statistically significant excess of thyroid cancer after a mean dose of 0.6
Gy (60 rad) (based on 309 cancers) (Ron and others 1995; Schneider and others
1993). Follow-up in this study averaged 33 years. It is the only cohort study of
radiogenic thyroid cancer that has included repeated thyroid screening over a
period of years. Study limitations include the lack of an unexposed control group
with a comparable intensity of screening and uncertainties in the thyroid doses.

A smaller study of x-irradiation for lymphoid hyperplasia (Pottern and others
1990) had a 29-year follow-up of 1,590 irradiated patients and a thyroid examina-
tion program. It showed an excess of thyroid cancer (13 cases) after an average
thyroid dose of 0.24 Gy (24 rad).

A cohort of 2,657 infants x-irradiated for enlarged thymus gland has been
followed an average of 37 years (Shore and others 1993). The mean dose was
about 1.4 Gy (140 rad), but 56 percent had doses <0.5 Gy (50 rad). There was a
strong dose-response association over the dose range. A statistically significant
dose-response association was found even when the dose range was limited to
<0.3 Gy (30 rad), but the limited statistical power precluded seeing a dose-
response association at <0.2 Gy (20 rad). Thyroid cancer risk was elevated out to
at least 45 years after exposure.

In Stockholm, Sweden, a cohort of 14,351 infants who were treated (mostly)
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with radium-226 for skin hemangiomas has been followed up for an average of
39 years by the Swedish tumor registry (Lundell and others 1994). The mean age
at treatment was 6 months. The dose ranged from <0.01 Gy (1 rad) to 4.3 Gy (430
rad) with a mean of 0.26 Gy (26 rad). There was an elevated risk of thyroid cancer
(standardized incidence rate [SIR], 2.28; 95 percent CI, 1.3-3.7) based on 17
cancers. The thyroid cancer excess persisted at least 40 years after exposure.

A study was conducted in Gothenburg, Sweden, of 11,807 infants treated
with Ra-226 for hemangiomas of the skin and followed up for an average of 31
years by the Swedish tumor registry (Lindberg and others 1995). The median
age at treatment was 5 months. The mean estimated thyroid dose was 0.12 Gy
(12 rad). An excess of thyroid cancer (SIR, 1.88; 95 percent CI, 1.05-3.1) was
found based on 15 thyroid cancers. One limitation of that study and the study of
Lundell and others (1994) is that thyroid cancers were not ascertained until
1958, when the Swedish tumor registry began, even though some of the patients
were treated as early as the 1920s. Hence, some thyroid cancers were probably
never included.

A case-control study of thyroid cancer nested within a cohort study of sec-
ond malignant neoplasms among childhood cancer survivors has been reported
by Tucker and others (1991). There was an excess of thyroid cancer, but many
of the thyroid doses were greater than 10 Gy (1000 rad). The dose-response
curve plateaued, apparently because of cell killing related to the high exposures;
thus, the risk estimate is of questionable applicability to low-exposure studies.

Ron and others (1995) conducted a pooled analysis (based on the raw data)
of 5 of the major cohort studies of thyroid cancer among those given external
radiation at less than 15 years of age. The combined data included 436 thyroid
cancers. The pooled ERR was 7.7 per Gy (95 percent CI, 2.1-28.7). The wide
CI occurred because of heterogeneity among the studies in risk estimates, which
necessitated a random-effects model; the corresponding fixed-effects model
yielded 95 percent CI of 4.9-12.0. The pooled excess absolute risk (EAR) was
4.4 per 104 person-year Gy (95 percent CI, 1.9-10.1). The ERR was marginally
(p = 0.07) higher among females than among males. It peaked about 15 years
after exposure but was still elevated 40 or more years after exposure. The ERR
after fractionated exposure was about 30 percent less than after a single expo-
sure, but the difference was not statistically significant. Although the test for
curvilinearity was not statistically significant, the data suggested that a linear fit
somewhat underestimated the risk at lower doses and overestimated it at higher
doses.

Several case-control studies have been performed to determine the effects
of medical diagnostic irradiation on thyroid cancer rates (Hallquist and others
1994; Ron and others 1987; McTiernan and others 1984). Of these, only one
(Inskip and others 1995) used objective information rather than patient reports
of diagnostic irradiation, with their potential for recall bias. Inskip’s group found
no association between thyroid cancer and the number of x-ray examinations of
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the head, neck, and upper spine (trend, p = 0.54) or the number of examinations
of the chest, shoulders, and upper gastrointestinal tract (p = 0.50), nor was there
an association for diagnostic x-ray examinations before 1960, when doses were
probably much higher.

Thyroid Cancer from Exposure to Radioactive Iodine

The association between exposure of the thyroid gland to external ionizing
radiation and the development of thyroid cancer is well documented for young
children but not for older children or for adults (Ron and others 1995; Shore and
others 1993). Whether internal radiation to the thyroid from radioiodine causes
thyroid cancer in humans was, until recently, less certain, although it has been
long recognized to induce thyroid cancer in animals (NCRP 1985; Lindsay and
Chaikoff 1964). There is now strong evidence from Chernobyl that children ex-
posed to radioiodine develop thyroid cancer at higher than usual rates.

Studies Other than Chernobyl

Table 3.3 summarizes information from studies of diagnostic, therapeutic,
and fallout exposure to I-131. Hall and others (1995) have followed 34,104 pa-
tients who were administered I-131 for diagnostic purposes, but only a small

TABLE 3.3 Thyroid Cancer Excess Relative Risk (ERR) and Excess Absolute
Risk (EAR) following Exposure to Iodine-131 before Age 20

Mean Observed/Expected ERR per Gy EAR per 104

Study (Reference) Dose (Gy) Cancers (90% CI) Person-Year Gy

Swedish Diagnostic 131I 1.5 2/1.4a 0.3 (<0-2.7) 0.2
(Hall and others 1995)

FDA Diag. 131I (Hamilton ~0.8 4/1.4b 2.3 (<0-23) 0.4
and others 1989)

Utah 131I Fallout (Kerber 0.098 8/5.4 7.9 (<0-16) 2.1
and others 1993)

Marshall Islandsc (Robbins 12.4d 6/1.2 0.3 (0.1-0.7) 1.1
and Adams 1989)

Juvenile Hyperthyroidisme ~88 2/ 0.1 0.3 (0.0-0.9) 0.1

aBased on patients whose 131I examination was not for suspicion of thyroid tumor. One additional
case was detected among those who had been examined for possible thyroid tumor (total observed/
expected = 3/1.8).
bThe result given is based on their relatively small control group. The expected value based on popu-
lation rates was 3.7, and the ERR was 0.1 (<0-2.0) with EAR = 0.05.
cHighly exposed group of 235 persons only.
dOver 80% of this dose was from short-lived radioiodines and external radiation rather than 131I.
eComposite of 9 studies.
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percentage of those patients were under age 20 at the time of exposure. About
10,800 were being examined for suspicion of thyroid tumor, and they showed a
subsequent excess of thyroid cancer. Among those not being examined for suspi-
cion of thyroid tumor, the average thyroid dose was about 0.7 Gy (70 rad), and no
excess thyroid cancer was subsequently found (standardized incidence rate [SIR],
0.75; 95 percent CI, 0.5-1.1). Of particular interest was the subset of 1,764 pa-
tients exposed before 20 years of age but not in evaluation for suspected tumors,
for whom the mean dose was about 1.5 Gy (150 rad). Among this group there
were 2 thyroid cancers (SIR, 1.38; 95 percent CI, 0.2-5.0). It should be noted that
fewer than 400 of these subjects were exposed before age 10, whereas the exter-
nal radiation studies included many subjects exposed in the first decade of life.

A study conducted by the U.S. Food and Drug Administration (Hamilton and
others 1989) reported a small excess of thyroid cancer among 3,503 juveniles
given diagnostic I-131. The thyroid doses ranged from <0.1 (10 rad) to >10 Gy
(1000 rad), with a median dose of about 0.35 Gy (35 rad) and a mean dose of
about 0.8 Gy (80 rad). When compared with the unirradiated control group of
2,594 patients under other diagnostic modalities, there appeared to be a small
excess of thyroid cancer (observed/expected, 4/1.4, nonsignificant), but when
compared with general population rates there was no excess (4/3.7). One uncer-
tainty in the study is the question of whether some of the diagnostic I-131 proce-
dures were performed because of a suspicion of thyroid tumor.

Results for the total number of juvenile patients from several studies of I-131
therapy for hyperthyroidism are shown in the last line of Table 3.3. The excess of
subsequent thyroid cancer was not statistically significant in any of these studies,
which suffer from having rather loosely defined cohorts and follow-ups of vari-
able quality.

In addition to studies of medical exposure to I-131, several studies have
looked at those exposed as a result of exposure to radioactive fallout from nuclear
weapons tests. One early concern about I-131 exposure resulted from the BRAVO
hydrogen bomb test in the Marshall Islands in March 1954. The inhabitants of the
northernmost atolls were exposed when the wind direction changed unexpect-
edly. A total of 253 persons were on 3 heavily exposed atolls (Rongelap,
Ailinginae, and Utirik). Recent reports (Cronkite and others 1997; Howard and
others 1997) indicate that 10 clinically significant thyroid carcinomas (plus 7
occult carcinomas) have been detected in this population, in comparison with 2
thyroid cancers found in a group of 227 unexposed persons. However, this might
not be a valid comparison because in the unexposed group “some have not been
seen for many years; others were added as recently as 1976” (Howard and others
1997). No thyroid surgery has been performed on this group since 1985 (the
exposed group included surgery through 1990). Results in the unexposed group
were not broken down by age so as to permit a comparison of those exposed
before adulthood. The results from an earlier report (Robbins and Adams 1989)
that did have an age breakdown therefore are given in Table 3.3. The Marshall
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Islands data are of limited value in assessing the effects of I-131 exposure be-
cause more than 80 percent of the dose was from short-lived radioiodines and
gamma radiation on these close-in atolls (Lessard and others 1985) rather than
from I-131, and there were large uncertainties in the doses. In addition, many of
the exposed subjects were put on thyroid suppression therapy beginning in 1965,
but with variable compliance.

In 1987, a study was reported assessing whether there was an negative asso-
ciation between thyroid nodule prevalence on various Marshall Islands and the
Bikini Atoll where shot BRAVO was detonated (Hamilton and others 1987). Resi-
dents on 14 atolls (n = 2,273) were given a thyroid screening, and information
was obtained on where they lived at the time of the BRAVO shot. The researchers
found a statistically significant association between distance and thyroid nodule
prevalence, with additional accuracy of prediction if they added an assumed fall-
out cloud vector that initially went east, then southeast. A strength of the study is
that the subjects had a second thyroid examination by a “blinded” examiner, and
there was a good coefficient of agreement between the two examiners’ results
(kappa = 0.80). Weaknesses of the study include its reliance on palpation, the
lack of dose information (risk estimates could not be computed), and the fact that
the significant results were appreciably driven by the high nodule rates on the
Rongelap and Utirik atolls, where much more thyroid screening occurred (nod-
ules found in the past were included).

The prevalence of thyroid nodules has been investigated among residents of
the island of Ebeye (Kwajalein Atoll); the island contains about one-quarter of
the Marshall Islands population with former residents of many atolls now living
there. Takahashi and others (1997) used palpation and ultrasound to examine 815
persons living in the Marshall Islands at the time of the BRAVO shot. Another
247 born after BRAVO but before the Bikini tests ended in 1958 and 260 born
after 1958 also were examined. The researchers ascertained where each person in
the first group resided at the time of the BRAVO shot. A marginal association (p
= 0.08) was found for distance from Bikini and the prevalence of palpable thyroid
nodules for the atolls that Hamilton and colleagues (Hamilton and others 1987)
had used, and a similar association (p = 0.06) was found using all the atolls in
their study. The results were slightly weaker for all nodular goiter (which appar-
ently meant all nodules >2 mm in diameter detectable either by palpation or by
ultrasound), with p-values of 0.07 and 0.12, respectively. Because there was
thought to be reasonable similarity in the geographic distribution of cesium-137
and I-131, they correlated the mean Cs-137 measurements for the atolls in their
study with thyroid nodule prevalence rates for those atolls. There was no associa-
tion, calling into question the meaning of the Hamilton and others (1987) findings
(although a limiting factor in the interpretation is the relatively low statistical
power of this study because of the modest sample size). In addition, Takahashi
and others (1997) found little association between the Cs-137 measurements and
distance from Bikini, probably indicating that wind patterns, rainouts, and other
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factors were important influences on dose. More information from that study will
be forthcoming; an additional 2,000+ Marshall Islanders have been examined and
data analysis is in progress (Trott and others 1998).

In Utah, there have been two rounds of thyroid examinations (1965-1967 and
1985-1986) of a cohort of schoolchildren exposed to radioactive fallout, includ-
ing I-131, from the nuclear-bomb testing in Nevada (Kerber and others 1993).
The first round of screening included 4,818 schoolchildren. After excluding those
who lived in states other than Utah, Nevada, or Arizona in 1985-1986, those with
nonwhite or Hispanic ethnicity, and those with a history of radiotherapy, 3,180 of
the original group remained of those screened in the first round, 2,473 were ex-
amined in the second round. The mean thyroid dose for the cohort was estimated
at 0.098 Gy (9.8 rad) (Stevens and others 1992); the mean for the Utah subset of
the cohort was 0.17 Gy (17 rad). It could be worth noting that the Utah study
applied modeling formalisms and parameter definitions similar to that of the NCI
(NCI 1997a) study, except to the assessment of individual doses. A complete
description of the dose reconstruction methods for the Utah study can be found in
Simon and others (1990).

The composite of the two rounds of screening in Utah plus any interim thy-
roid diagnoses showed 8 thyroid cancers in the irradiated group; about 5.44 would
have been expected (Kerber and others 1993). The dose-response analysis was
not statistically significant, but the central risk estimate (ERR, 7.9 per Gy) was
similar to the pooled estimate derived from studies of external radiation. The
strengths of the study include its careful effort at dose reconstruction, the use of
information on childhood milk consumption, and the sophisticated statistical
analyses that incorporate the joint prevalence-incidence data and the uncertain-
ties in dosimetry. Its limitations include the small number of thyroid cancers de-
tected with the consequent low precision of the results.  Palpation was used as
ultrasonography was not routinely available for screening. The screening exam-
iners and the physician who ordered further diagnostic tests were not totally
blinded in that they knew whether the subject was from a high or low exposure
area, though they did not know the subject’s dose status.

Data from Studies of the Chernobyl Accident

Results from studies prior to the 1986 nuclear reactor accident in Chernobyl
were suggestive of a link between I-131 exposure and thyroid cancer but studies
following the accident are generally regarded as conclusive. Reports from
Ukraine, Belarus, and, to a lesser extent, Russia indicate a substantial excess of
thyroid cancer among children exposed to I-131 fallout from the Chernobyl
nuclear reactor accident in 1986. The increased incidence of childhood cancers in
the Chernobyl region began 4 years after the incident, which released very large
amounts of I-131, other short-lived radioiodines, and other radioisotopes includ-
ing cesium, xenon, krypton, and strontium (Becker and others 1996). The young-
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est children diagnosed with thyroid cancer were only 4 years old at the time of
diagnosis and were in utero at the time of the accident. The peak occurrence of
thyroid cancer between 1990 and 1994 was for 8-year-old children in Ukraine
and 9-year-old children in Belarus (Becker and others 1996). This is considerably
younger than the usual age of onset (14 or older) for naturally occurring thyroid
cancer elsewhere in Europe and the United States during the same period (Pacini
and others 1997; Williams and Tronko 1996; Zimmerman and others 1994). Nor-
mally, thyroid cancer in young adults occurs predominantly in females, but after
the Chernobyl accident the female-to-male ratios were below 2 (Pacini and others
1997; Becker and others 1996; Williams and Tronko 1996; Fuscoe and others
1992).

When the reports first began to appear about Chernobyl (Kazakov and others
1992), there was considerable skepticism that the cases represented a real radia-
tion-induced increase. Five reasons for skepticism were cited including

• Suspicions that additional cases were a function of additional screening
and surveillance, a common problem.

• Belief that I-131 was only weakly carcinogenic compared with externally
generated x-rays.

• Inconsistency with past epidemiological studies with the Chernobyl cases
occurring earlier after exposure.

• Questions about the accuracy of the thyroid dose estimates.
• Concerns that thyroid cancer incidence could have been enhanced be-

cause some regions were borderline goitrogenic because of low iodine concentra-
tions in drinking water and foods.

More recent studies of the aftermath of Chernobyl have addressed these
sources of skepticism. Questions about dosimetry remain, but a remarkably co-
herent picture of cancer risk related to I-131 exposure has emerged from the
Chernobyl studies.

Screening and Surveillance Effect One argument against a substantial sur-
veillance effect is that the proportion of tumors of stage T4 at diagnosis (the
tumor had broken through the thyorid capsule and invaded surrounding tissue)
was unusually high, some 40 percent of cases in Belarus (Kazakov and others
1992). Diagnosis at such a late stage in the development of the tumor is consistent
with the claim that most cases were ascertained as a result of a visit by the child to
a doctor and not through screening programs. In addition, studies also show a
very marked decline in incidence rates to preaccident levels in children born after
the end of 1986, even though screening is still common (Stsjazhko and others
1995). This indicates that the increase seen in those who were young at the time
of the accident is related to some short-lived initiation process operative at the
time of the accident, which is consistent with the increase being caused by expo-
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sure to the isotopes of iodine. In addition, because Belarus is an iodine-deficient
area with a marked prevalence of goiter (Gembicki and others 1997; Nikiforova
and others 1996), a system of surveillance for thyroid abnormalities was in place
in schools at the time of the accident. This consisted of regular visits to schools by
an endocrinologist to conduct palpation of the neck. There is no evidence that
screening with ultrasound was widespread until 1991-1992. According to Will-
iams and others (1996), 13,000 children had been screened in the Gomel region
of Belarus by the end of 1994. Between 1986 and the end of 1994, 178 cases of
childhood thyroid cancer were diagnosed in the same region. It is, therefore, clear
that screening, even at that late date, was not the primary means of case ascertain-
ment.

Relative Carcinogenic Effect of I-131 Among the reasons posited for the
smaller carcinogenic potential of I-131, compared with externally generated x-
rays, was the absence of an excess of thyroid cancer in the populations studied
after the diagnostic administration of I-131. The results of a pooled analysis of 5
epidemiologic studies on infants, children, and adolescents irradiated with exter-
nally generated x-rays (Ron and others 1995), show that there is a steep decline in
sensitivity, as measured by ERR, to cancer induction by x-rays with age at expo-
sure. It was already known from the survivors of the atomic bombings in Japan
that young adults were relatively insensitive and those over the age of 40 at small
risk of thyroid cancer induced by the external gamma-rays from the bomb. Be-
cause I-131 is rarely given to children and only occasionally to adolescents, the
lack of thyroid cancer associated with diagnostic administration of I-131 can be
explained by the small number of children in the surveys and the insensitivity of
the adult population (Ron 1996). As will be shown below, it is in fact the data
accruing from the follow-up to the Chernobyl accident that are most likely to
resolve this long-standing question.

Timing of Cases It has been claimed that too many cases occurred after
Chernobyl too soon after exposure. In the pooled analysis of 5 non-Chernobyl
studies cited earlier (Ron and others 1995) 2 cases in 81,000 person-years of
follow-up were diagnosed within 5 years of exposure. In the Gomel region of
Belarus 15 cases were diagnosed in the first 5 years in about 360,000 exposed
(EP Demidchik, personal communication). The rates of appearance are therefore
25 and 8 per 1 million person-years, respectively, in the pooled studies and from
Chernobyl. In view of the small numbers in the pooled study and the nonidentical
dose distributions, there probably is no significance in the factor-of-3 difference.

Dosimetry Several measurements of activity in the thyroid were made in
some settlements, but these were usually single measurements from which doses
had to be derived using an assumed retention function. Attempts to relate I-131
activity to that of other longer lived nuclides, such as Cs-137, have not been
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successful, probably because of the differential release of the nuclides over the 10
days of the incident. The authenticity of such dosimetric estimates as there are
can best be judged by the coherence of the estimates of risk.

In an analysis of Chernobyl thyroid cancer risk that was more quantitative
than earlier studies (Jacob and others 1998), average thyroid doses were esti-
mated for children in nearly 6,000 settlements in Ukraine, Belarus, and Bryansk,
Russia. The authors estimated that, at least in Ukraine, the 95 percent CI around
the imputed settlement childhood thyroid doses was about a factor of 2 above and
below the estimated doses. The mean settlement doses were then used to derive
average thyroid doses for children in various regions, which in turn were re-
gressed on thyroid cancer rates. The analysts reported a good fit to a linear dose-
response association, with a slope indicating an EAR of 2.3 (95 percent CI, 1.4-
3.8) per 104 person-year-Gy. The EAR is about half as large as that reported in
the pooled analysis of thyroid cancer after childhood external irradiation (Ron
and others 1995), but both estimates are statistically compatible. Nevertheless, if
one considers that there may well be at least a modest surveillance effect, then the
difference would be somewhat larger if numerical account could be taken of the
fact that this population with high surveillance is being compared with popula-
tions from several external radiation studies in which there was little special sur-
veillance. Because background thyroid cancer rates are very low for young people,
the ERRs in this study were very high (22-90 per Gy) and are probably not a good
basis for projecting risk as the group ages.

Measurements of iodine activity in the thyroid made in the few months after
the accident in Belarus indicate doses ranging up to several Gy (OECD 1996). As
in the case of the weapons testing in Nevada, the dominant contribution to dose
from radioiodine is from I-131 transmitted from ground deposition on pasture
through the food chain in milk. The shorter lived isotopes of iodine, relatively
less abundant in fallout from a nuclear reactor than from an atomic weapon, are
estimated to contribute less than 15 percent to the thyroid dose for those exposed
after Chernobyl. I-131 thus seems overwhelmingly implicated in the cases arising
after the Chernobyl accident.

A survey of activity in the thyroids of children living in the Gomel region of
Belarus indicated that, for children aged 7 years or younger, the average absorbed
dose was about 1 Gy (100 rad) (OECD 1996). About 162,000 such children were
resident in Gomel at the time of the accident. The risk factor derived from the
pooled study (Ron and others 1995) is 4.4 cases per 104 person-year-Gy. For
162,000 such children exposed to 1 Gy there should be about 71 cases per year
averaged over the some 40 or more years during which the expression of the
cancer takes place. Since the accident and up to 1995, there have been 122 cases
in children aged 7 and younger, the greater proportion occurring since 1991. Thus,
the average rate over this period is about half that expected in the longer term.
This crude estimate is consistent with a recently published study (Jacob and oth-
ers 1998) of children under 15 at the time of the accident in settlements in the
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affected countries. The pooled data EAR is 2.3 (95 percent CI, 1.4-3.8) per 104

person-year Gy. This point estimate is about half the point estimate for the 5
pooled studies of children exposed to external radiation (Ron and others 1995).
However, this estimate is influenced by a study from Israel; were this study ex-
cluded, the point estimates would be nearly coincident. In any event, the estimate
from Chernobyl lies within the 95 percent CI for the x-ray studies (Ron and others
1995), which indicate a peak in incidence rate some 15-19 years after exposure.
Estimates for thyroid cancer among the Chernobyl population could be expected
to increase, rather than decrease, with time.

The concordance between what is seen after Chernobyl and what is under-
stood from epidemiologic studies of children treated with x rays is confirmed by
another approach to determining the relationship between dose and effect. By
comparing the cumulative incidence of thyroid cancer in those under the age of
15 at the time of the accident with the cumulative incidence in children irradiated
for enlarged thymus gland in the United States (Shore and others 1993), it can be
deduced that children in the Gomel region received from I-131 the equivalent of
about 1 Gy (100 rad) of externally generated x rays. The average dose to children
under the age of 8 is reported to be 1 Gy (OECD 1996), indicating an average
dose to children under 15 of about 0.8 Gy (80 rad). Allowing for the early stage in
the expected evolution of solid cancers after exposure to radiation, there is little
room for a very markedly reduced efficiency of cancer induction by I-131 com-
pared with that by externally generated x rays.

Contribution of Dietary and Other Factors Finally, the question arises
whether the effects of radiation have combined with factors such as iodine defi-
ciency and lifestyle to increase the extent to which cancer has been observed in
the countries adjacent to Chernobyl. Dietary iodine deficiency is evident in the
regions surrounding Chernobyl (Nikiforova and others 1996). It could increase
the effectiveness of I-131 both by increasing the uptake of radioactive iodine and
by accelerating the appearance of initiated disease through the increased expres-
sion of thyroid-stimulating hormone (TSH). The first of these effects seems
unlikely to be important when iodine is taken into the body in small quantities
over a prolonged period, as is the case with environmental exposure. Although
Nikiforova and others (1996) failed to find a significant correlation between uri-
nary iodine concentration and TSH concentration in some 5,000 children they
studied, elevated concentrations of TSH have been associated with low urinary
iodine and goiter prevalence.

About half of the people who live near Chernobyl lead a rural lifestyle and
get their milk from private or backyard cows. The short cow-to-consumer inter-
val and the increased possibility of being exposed to the short-lived isotopes of
iodine and tellurium-132, the precursor of I-132, may increase the dose relative to
people who live in towns. There is, however, no evidence that either of these
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factors has had a dominant effect on the expression of thyroid cancer after
Chernobyl.

Insofar as can be deduced from the early stages of the increase in thyroid
cancer observed after Chernobyl, the risk is not less that 50 percent of the risk
attributed to x-ray exposure of the child thyroid and, because of the early stage,
could well prove equal. Thus, of the values commonly cited for relative biologi-
cal effectiveness (RBE) (0.1, 0.33, 0.67, 1.0) or the dose and dose-rate effective-
ness factor (DDREF) (10, 3, 1.5, 1.0), for irradiation of the thyroid by I-131, only
the latter two (RBE, 0.67 or 1.0; DDREF, 1.5 or 1.0) receive support from the
Chernobyl experience.

Histologic and Biologic Features of Thyroid Cancer in Children of
Chernobyl Exposed to Radiation from Radioiodine

Most of the thyroid cancers (96-99 percent) that have occurred in children
exposed to radioactive iodine from the Chernobyl accident are papillary thyroid
cancers, but they seem to be more aggressive than usual. However, naturally
occurring childhood thyroid cancers are also more aggressive, but not clearly
more lethal, than those in adults (Pacini and others 1997; Becker and others 1996;
Nikiforov and Gnepp 1994). There are certain histologic variants of papillary
thyroid cancer that seem to occur with higher than usual frequency in the children
of Chernobyl exposed to I-131 (Williams and Tronko 1996). In contrast, the his-
tology of papillary cancers that occur after exposure to external radiation does not
differ much from those that occur spontaneously, and the long-term outcome of
the two is similar (see, for example, Viswanathan and others 1994).

Microscopically, some of the tumors in Chernobyl-exposed children seem to
be especially aggressive, as evidenced by intraglandular tumor dissemination (92
percent), thyroid capsular and adjacent soft-tissue invasion (89 percent), and cer-
vical lymph node metastases (88 percent) that occurred at a greater rate than
usual. These observations, however, were not blinded as to the source of the
tumor, and some bias could have been introduced (Nikiforov and Gnepp 1994).
Another study compared post-Chernobyl thyroid cancers in Belarus children and
adolescents with those occurring naturally among children in Italy and France
(Pacini and others 1997). In the Belarus cases, extrathyroidal extension (49.1
percent, p = 0.001) and lymph node metastases (64.6 percent, p = 0.002) were
more frequent than in the cases from Italy and France (24.9 percent and 53.9
percent, respectively). But distant metastases, potentially the more dangerous,
were found in 7.8 percent of the Belarus group and in 17.3 percent of the Italy-
France group.

The disease in children exposed as a result of the Chernobyl accident appears
to have a short latency period, a higher proportion of tumors arising in young
children (under age 5 to 8 years), and an almost equal sex ratio. Both young age at
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disease onset, which could merely be a reflection of the short follow-up and the
fact that young children are most sensitive to the effects of radiation, and radia-
tion etiology appear to increase the aggressive growth of thyroid cancer (Pacini
and others 1997; Robbins 1994). It is too soon to determine whether the long-term
prognosis for survival in children exposed to radiation during the Chernobyl acci-
dent will be different from that for spontaneously occurring papillary cancer,
although there are early indications these cancers are more aggressive. Future
studies will indicate whether they are more life threatening.

At the molecular level, the radiation-induced tumors appear to be different
from those that occur spontaneously. One study (Ito and others 1994) found ret
activation in 57 percent (4/7) of thyroid cancer cases from Chernobyl. Another
(Fugazzola and others 1995) found it in 66 percent (4/6), and a third study
(Klugbauer and others 1995) reported it in 64 percent (9/14) of the cases from
Chernobyl. Although there is an increased frequency of PTC rearrangements in
young patients and in children unexposed to thyroid irradiation who develop thy-
roid cancer (Bongarzone and others 1996), it appears that ret activation is more
frequent in the Chernobyl cases.

Moreover, chromosome rearrangements forming PTC3 and novel ret/PTC
rearrangements seem to be more frequent in the cases from the Chernobyl acci-
dent. A larger controlled study (Nikiforov and others 1997) found 76 percent of
38 thyroid cancer cases from Belarus had ret rearrangements, 6 to form PTC1, 1
to form PTC2, and 22 to form PTC3. In comparison, 65 percent of 17 unexposed
cases had ret rearrangements. Two variants of PTC3 also have been found. One
variant (Klugbauer and others 1995) is a rearrangement lacking one exon of the
ELE1 gene. The other variant (Fugazzola and others 1996) is a rearrangement
with an additional 93 base pairs derived from the ret gene. A fifth novel ret
rearrangement, PTC5, was detected in papillary thyroid cancers of 2 patients ex-
posed to radioactive fallout after Chernobyl (Klugbauer and others 1998). PTC5
features a fusion of the ret tyrosine kinase domain with a sequence identical to
that previously described as ret2, which is a transfection artifact in NIH3T3 cells
not previously detected in human tumors. The ubiquitous ret-fused gene 5 was
found in various normal tissues, including the thyroid gland.

NONMALIGNANT THYROID DISEASE ASSOCIATED WITH
RADIOIODINE EXPOSURE

Data on the induction of nonmalignant thyroid disease are inconclusive in
the I-131 dose range to which most people were exposed from Nevada Test Site
fallout. Additional, possibly more conclusive information on the link between
low to moderate doses of I-131 and thyroid diseases other than cancer should
soon be available from the Hanford Thyroid Disease Study.

The thyroid is unusually susceptible to radiation exposure through its ability
to concentrate radioiodine and because of its anatomic position, which is com-
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monly in the field of external radiation applied for therapeutic purposes. Acute
radiation doses that cause potential cell cycle disturbances (short of immediate
cell death) do not cause obvious injury in the short term until the irradiated cells
attempt to divide—then they experience mitotic death. The thyroid follicular epi-
thelium has a long turnover time (1-2 years), so evidence of direct radiation in-
jury can be delayed. The degree of impairment of reproductive capability of the
thyroid follicular epithelium is related to the radiation dose, with a possible lower
threshold between 2 Gy (200 rad) and 4 Gy (400 rad) for this acute injury (Will-
iams 1991). Beyond this, the pituitary axis can compensate for a considerable
degree of thyroid injury with increases in TSH production.

It is well documented that I-131 therapy for thyrotoxicosis at radiation doses
of 50 Gy (5,000 rad) and above is associated with destruction of the thyroid gland
and hypothyroidism (Maxon and Saenger 1996; Cooper 1991). This treatment
initially causes an inflammatory response, followed by long-term chronic inflam-
mation, fibrosis, and atrophy, ultimately resulting in thyroid gland failure.
According to Cooper (1991), hypothyroidism may be considered an inevitable
consequence of radioiodine therapy. Up to 90 percent of patients are affected in
the first year after therapy, with a continuing rate of 2-3 percent per year thereafter.
The occurrence of hypothyroidism relates to radiation dose, but also to prior status
of antithyroid antibodies in irradiated patients, there being a correlation between
the occurrence of thyroid autoantibodies both before and after treatment and
development of hypothyroidism (Cooper 1991; Lundell and Holm 1980).

High radiation doses clearly can cause direct follicular cell injury, but there
is considerable evidence that this is not the only factor involved in radiation-
related nonneoplastic thyroid disease. Various forms of primary thyroiditis are
considered to have an autoimmune pathogenesis. Both hypothyroidism (includ-
ing Hashimoto’s and atrophic thyroiditis) and some forms of hyperthyroidism
(Graves’s disease) are caused by closely related genetic and immunologic distur-
bances, although they are considered distinct diseases with separate defects in
immunoregulation. Autoimmune thyroiditis leading to hypothyroidism is related
to the presence of autoantibodies directed against some component of the thyroid
gland, such as thyroglobulin or thyroid cell microsomes, the latter being consid-
ered more significant (Volpé 1991a). In Graves’s disease, there is diffusely hyper-
plastic goiter resulting from production of antibodies directed against the TSH
receptors, which cause excessive stimulation of the follicular cells (Volpé 1991b).
It is well known that both hypothyroidism and hyperthyroidism associated with
autoimmune disease can be induced by exposure to ionizing radiation (DeGroot
1988).

After I-131 therapy for hyperthyroidism, the occurrence of hypothyroidism
depends on the dose, and as mentioned previously, on the nature of the autoim-
mune response. There is evidence of persistent thyroid-stimulating antibodies
and other autoantibodies for several years after I-131 treatment in some patients
(Williams 1991). Hypothyroidism also can occur after external exposure from

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


70 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

radiotherapy when the thyroid is in the field, for example, in patients treated for
lymphomas, lymphoblastic leukemia, and various head and neck cancers (Tell
and others 1997; Hancock and others 1991; Williams 1991; Fleming and others
1985). In a group of patients with prior irradiation for benign head and neck
disorders, some sort of “radiation thyroiditis” was found in resected thyroids from
10 to 75 years after exposure (Swelstad and others 1977). The foregoing cases
were associated with therapeutic doses of radiation generally measured in the
tens of Gy, but there is also ample evidence for hypothyroidism induced by some-
what lower doses. Thyroid hypofunction was reported in fallout-exposed Marshall
Islanders, starting about 10 years after exposure and was most marked in those
who were exposed as children under the age of 6 (Larsen and others 1982). Esti-
mated doses to persons showing thyroid hypofunction ranged from 1.35 to 21 Gy
(135 to 2,100 rad). Shorter-lived iodine isotopes (I-132,  I-133, I-135) were
responsible for a significant component of the dose in this population.

Data from the atomic bomb survivors are conflicting. Nagataki and others
(1994) reported a significant, linear-quadratic, dose-response relationship for
autoimmune hypothyroidism in 17.3 percent of 2,587 exposed subjects in
Nagasaki. The response peaked at about 0.7 Sv (70 rem), but had an apparent
increase in the 0-0.5 Sv (0-50 rem) dose range. It was also noted that the preva-
lence increased with each passing decade after exposure. Another study of atomic
bomb survivors in Hiroshima reported a higher rate of hypothyroidism in both
males and females in the 0.01 Gy (1 rad) to 0.99 Gy (99 rad) cohort, although
paradoxically the antithyroid microsomal antibodies were decreased in this irra-
diated population (Ito and others 1987). Morimoto and others (1987) reported no
association between radiation and hypothyroidism in Hiroshima and Nagasaki
survivors who were less than 20 years old at exposure. Yoshimoto and others
(1995) reported no statistical association between radiation exposure and chronic
thyroiditis in Hiroshima atomic bomb survivors. Fujiwara and others (1994) found
no effect of radiation on the prevalence of antithyroglobulin or antithyroid
microsomal antibodies in atomic bomb survivors in Hiroshima and Nagasaki.

Reports on the populations exposed to radioiodine after the Chernobyl acci-
dent are also of interest. Children exposed to I-131 had increased autoantibodies
to thyroglobulin, thyroid hormone, and TSH; antithyroid antibodies were in-
creased in a dose-responsive fashion, including apparent increases at doses below
1 Gy (100 rad) (Vykhovanets and others 1997). It has been suggested that irradia-
tion is associated with increased risk for chronic thyroiditis (Ito and others 1995).
The Chernobyl effects are complicated by the presence of iodine deficiency in
some affected areas, although Kasatkina and others (1997) report increased
antithyroglobulin and antithyroid microsomal antibodies in children with both
radiation exposure and poor iodine intake, suggesting a possible interaction.

A study of 297 children under the age of 16 exposed to diagnostic I-131 at an
average dose of 3.8 Gy (380 rad) showed an increased risk for developing hy-
pothyroidism up to 14 years after exposure; however, there were no cases of
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hypothyroidism in 146 children with a mean thyroid dose of about 0.18 Gy (18
rad) (Maxon and Saenger 1996).

Other studies of relatively low dose irradiation have not confirmed increased
nonmalignant thyroid disease risk. Thymic irradiation during infancy resulted in
no observable thyroid disease, hormonal abnormalities, or antithyroid antibodies
at exposures of 30-1,200 roentgen (R) x rays (Hildreth and others 1987). Irradia-
tion for childhood hemangiomas with a variety of methods, including α, β, γ, and
x-irradiation, resulted in no thyroid functional abnormalities at doses ranging from
<0.01 to 2.74 Gy (1-274 rad), although thyroid nodules were increased (De
Vathaire and others 1993). A study of the Utah “downwinders” exposed to atomic
weapons test fallout after birth (mean dose of 0.098 Gy [9.8 rad] with a maximum
of 4.6 Gy [460 rad]) showed no excess of nonmalignant thyroid disease (Kerber
and others 1993).

There are reports of hyperthyroidism after irradiation of the thyroid gland for
different conditions, including breast cancer (Williams 1991), gynecologic can-
cers (Katayama and others 1985), and Hodgkin’s disease (Hancock and others
1991; Loeffler and others 1988). Hyperthyroidism after treatment of goiter with
I-131 was associated with increased serum concentrations of TSH receptor anti-
bodies (Huysmans and others 1997). It has been suggested that Graves’s disease
induced by radioiodine is associated with a release of antigen from the damaged
thyroid and the subsequent production of antibodies that stimulate the TSH re-
ceptors (Kay and others 1987). It also has been suggested that suppressor lym-
phocytes in the thyroid might be more sensitive to radiation than are helper cells,
increasing the autoimmune response (Williams 1991).

Overall, these data clearly indicate that there is a highly significant associa-
tion between ionizing radiation exposure and the occurrence of nonmalignant
thyroid disease at higher levels of exposure. It also is evident that this risk could
extend down into the range of doses below 1 Gy (100 rad). For exposure to I-131,
however, Maxon and Saenger (1996) indicate that hypothyroidism from I-131
would be unlikely at doses below 0.1-0.2 Gy (10 to 20 rad).

Thus, the data on nonmalignant disease induction are inconclusive in the
dose range to which most people were exposed from fallout. As a result, the IOM/
NRC panel did not further consider the implications of nonmaligant disease. How-
ever, the current Hanford thyroid disease study is evaluating all thyroid diseases,
including autoimmune thyroiditis and hypothyroidism and antithyroid antibody
concentration, in association with radiation dose. The data from this study will be
extremely valuable in analyzing risk for nonmalignant thyroid disease. Depend-
ing on the results, NCI should consider how to incorporate such information in
any program to communicate about the risks from fallout from the Nevada nuclear
weapons test and whether to undertake a formal evaluation of the screening for
nonmalignant disease.
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THYROID CANCER RISK BASED ON NCI ESTIMATES OF
I-131 DOSES

The 1997 NCI report did not attempt to translate the thyroid dose estimates
that it derived into risk of thyroid cancer or other thyroid diseases. However,
simultaneous with the release of the report, a staff memorandum prepared by Dr.
Charles Land presented calculations of lifetime thyroid cancer risk and corrected
calculations were presented to the NRC committee in December 1997. (Appen-
dix B presents this memo.) The corrected calculations yield an estimated 11,300
to 212,000 excess cases of thyroid cancer resulting from the Nevada weapons
tests.

The Land estimates of lifetime thyroid cancer risk rely on a linear model for
ERR of thyroid cancer as a function of two factors: thyroid dose and age at expo-
sure. The statistical model for thyroid cancer (as well as the dose-response esti-
mates used in the calculations) relies on meta-analysis of thyroid cancer caused
by external radiation of the thyroid that was discussed earlier in this chapter (Ron
and others 1995). Allowance for the possibly reduced RBE of beta-rays from
internal exposure to I-131 compared with external doses also was considered in
Land’s calculations.

The basic features of the model used by Land to derive excess cancer esti-
mates are (1) linearity (even the smallest dose to the thyroid results in some ERR
for cancer), (2) additivity of the effects of multiple exposures (over the period of
the Nevada atomic weapons tests) on risk, and (3) an assumption that irradiation
of the thyroid in childhood leads to an elevated relative risk of thyroid cancer for
a person’s lifetime. These assumptions together mean that calculations of the
excess fraction of thyroid cancer cases for a given age group caused by exposure
are given by computing average doses for persons exposed at that age and multi-
plying the averages by age-specific excess risk estimates.

Table 3.4 gives ERR values per unit dose, according to age at exposure, from
Ron and others (1995), and the estimated average dose for each age group from
the NCI (1997a) report. The relative risk for thyroid cancer for a person exposed
at that age, compared with an unexposed person of the same age and gender, is
calculated using an RBE of 0.66, consistent with the concluding estimate of the
Land analysis (which also presented estimates based on other RBE values). The
committee believes that an RBE of 1.0 would be equally acceptable given the
scientific information available at this time.

Table 3.4 also gives lifetime thyroid cancer risk for males and females for
each age-at-exposure group and total excess cases within each age group. The
lifetime risks are obtained by multiplying the SEER 1972-1992 baseline risk esti-
mates (0.25 percent for males, 0.64 percent females, which are rates over 85 years
for all forms of thyroid cancer including those not linked to radiation exposure)
by the relative risk for each age-at-exposure group. According to this table, for a
woman exposed to 0.1 Gy (10 rads) of I-131 at less than one year of age, the
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lifetime risk to age 85 of being diagnosed with thyroid cancer is estimated to
increase from 0.64 percent to 1.07 percent, which would still make a diagnosis of
thyroid cancer uncommon compared to a number of other cancers.

The period of aboveground testing in Nevada extended from 1951 to 1958,
so exposure to I-131 would have occurred over a range of ages for most persons.
However, the combination of the linearity and additivity assumptions implies that
doses given at specific ages to different people can be combined in calculating
excess cancer cases. An infant in 1951 moves to the 5-9-year category by 1958,
but is replaced by other infants born in the intervening years, with these two
effects essentially canceling out in the computation of excess cases for the <1-
year age category. Thus, Land uses the U.S. population age distribution in 1952
and assumes that all exposures occurred in 1952 to approximate excess cases
resulting from exposures that were actually distributed over a longer period to a
larger number of people.

The Land analysis notes that there are substantial uncertainties in the esti-
mate of ERR at 1 rad and the average dose for each age group. An uncertainty
analysis, which allowed for the 95 percent confidence interval (0.021-0.287) re-
ported by Ron and colleagues (1995) for the ERR estimate at 1 rad and a factor of
2 in the uncertainty of average thyroid dose, gave a range for the total excess
cases due to exposure of 11,300-212,000. The central estimate implied (but not
explicitly stated in that analysis) is 49,000 cases. An independent estimate of the
uncertainty in the number of excess cases produced a 95 percent confidence range
from 8,000 to 208,000. This latter analysis also included the uncertainty of the
RBE for I-131 (F.O. Hoffman, communication to NAS, 20 December 1997). Be-
yond this uncertainty assessment, the validity of the assumptions of linearity,

TABLE 3.4  ERR per Unit Dose, Relative Risk, and Excess Cancer Cases, by
Age at Exposure

Percentage Percentage
Average Lifetime Lifetime Excess

Age at ERR at Dose Relative Risk Risk Cancer
Exposure 1 rada (rad) Riskb Male Female Cases

<1 0.098 10.3 1.67 0.42 1.07 10,170
1-4 0.098 6.7 1.43 0.36 0.92 26,993
5-9 0.049 4.5 1.15 0.29 0.73 9,064
10-14 0.0245 2.8 1.05 0.26 0.67 2,451
15-19 0.01255 1.8 1.01 0.25 0.65 748
>20 Negligible 1.8 1.00 0.25 0.65 0

a ERR values are taken from Ron and others (1995).
b Relative risks are computed using an RBE of 0.66 consistent with the analysis of Land (see Appen-
dix B).
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constancy of ERR, and the additivity of effects of exposure are all critical to
Land’s estimate of excess cases. Both linearity and extended elevated risk are
consistent with the publications reviewed by Ron and colleagues (1995). How-
ever, these data do not provide a clear test of these assumptions at either the range
of doses given by NCI (1997a) or over the ranges of time since exposure that are
important today. The highest average dose considered in Land’s calculations (for
infants) is just above the average thyroid dose (9 rad or 0.09 Gy) reported to have
an effect on risk in one study. Although excess cases of thyroid cancer were
found by the studies analyzed by Ron and colleagues (1995) to continue for long
periods after exposure (up to 40 years) with little falling off in ERR, no study has
followed exposed subjects over an entire lifetime. Today, the most heavily ex-
posed subjects to I-131 fallout from the Nevada Test Site are nearly 45 years
beyond their time of exposure, which is at the outer limits of follow-up of the
subjects in the epidemiologic surveys.

Analyses of the thyroid cancer cohorts and case-control studies have shown
important heterogeneity in the dose response for different groups of subjects. In
reflecting this heterogeneity, Ron and colleagues (1995) were led to use a ran-
dom-effects model when combining data from the 7 studies analyzed to form an
overall estimate of ERR per unit dose. Only one of the studies supports a thyroid
cancer effect at dose ranges consistent with average thyroid dose to large birth
cohorts from Nevada weapons tests. This study of Israeli children treated with
radiation for tinea capitis showed a much stronger dose response than was evi-
denced in other studies. Although causes of heterogeneous results between stud-
ies are difficult to determine, Shore has suggested (1992) that the subjects in the
Israel study might have had a higher dose response because of a higher-than-
normal prevalence of inherited ataxia telangiectasia (A-T) heterozygosity in the
population. This disorder is associated with a defect in DNA repair that could
increase sensitivity to cancers of many types in A-T patients and could do the
same in the heterozygote. If this study were dropped from the analysis, the esti-
mates in the Land memo would change.

For setting prospective dose limits for radiation protection, the assumption
of linearity and the use of linear extrapolation is widespread. For example, in the
absence of direct data on health effects at low levels of radiation exposure, major
regulatory affiliated organizations (International Commission on Radiological
Protection, National Commission on Radiological Protection, Environmental Pro-
tection Agency, National Research Council, and others) extrapolate all radiation
effects through the zero effect-zero dose point in a linear fashion.

Although opinion leans heavily toward use of linear no-threshold methods of
estimating risk for thyroid disease, this concept is not universally accepted. It
clearly introduces another uncertainty factor into the calculation of risk. If the
dose response were nonlinear, that could produce a lesser or greater response at
low doses, and would reduce or increase the overall risk of health effects from
exposure to I-131.
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Uncertainty also applies both to the assumption of constancy of ERR and to
the assumption of additivity of multiple exposures. This committee notes that
natural background doses over the 10-year period of testing would present to
each person in the United States an average dose that was approximately half of
the average dose from the weapons testing (2 rad or 0.02 Gy). The amount of
natural background radiation varies geographically, such that, in some areas, the
10-year average could have been lower or higher by 0.01 Gy (1 rad), when radon
exposures are ignored, bringing the average dose to 0.03 Gy (3 rad) or 0.04 Gy (4
rad) to the thyroid over the 10 years of testing. Some areas would have been
lower and some higher in the calculated fallout dose ranges. It would be informa-
tive, therefore, to determine how background radiation would alter total dose, and
hence risk, to persons over this 10-year period. Calculations could be done to
compare the total doses using the actual background dose for each county to add
to the total estimated dose to the average individual in each county, but this would
require substantial effort.

Analyses of the risk of thyroid cancer after exposure to ionizing radiation
such as those analyzed by Ron and colleagues essentially assume similarity in
naturally occurring and radiation related thyroid cancers. Although this chapter
has cited histologic evidence suggesting that the differences in thyroid cancers in
children exposed from the Chernobyl accident, there are no data yet relevant to
effects in adults exposed as children to the I-131 levels associated with the Ne-
vada weapons tests.

Given some of the issues noted above, the committee suggests that DHHS
consider some additional analyses to evaluate further the estimated confidence
intervals for the risk projections and to improve understanding of the sensitivity of
the projections to changes in key assumptions. Such analyses might include (1) use
of alternative dose-response models, (2) choice of different average population
doses, (3) use of a model of excess relative risk that declines as a function of years
since exposure, and (4) exclusion of the tinea capitis study from the Ron analysis.

As indicated above, there are few data to show a statistically significant car-
cinogenic effect of radiation to an organ or whole body below a dose of 0.1 Gy
(10 rad). Epidemiologic studies, which might be helpful, are complicated when
estimated doses are low. For example, very large samples are needed to demon-
strate an effect. Results of some epidemiologic analyses of the possible effects of
I-131 fallout from the Nevada weapons tests are discussed below.

Epidemiologic Analyses Using Cancer Registries

Neither the NCI (1997a) report nor the analyses provided by Land (Appen-
dix B, this report) consider whether there is any epidemiologic evidence of in-
creases in thyroid cancer from exposure to Nevada Test Site fallout. Data from
various tumor registries around the country could be useful in reducing the uncer-
tainty in the estimate of the collective excess of thyroid cancer cases. In particular,
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analysis of registry data allows for the comparison of thyroid cancer incidence
between birth cohorts within the same general locality. The NRC panel had access
to three such analyses—one undertaken by the committee, one for the state of
Idaho, and one prepared by NCI analysts. In addition, it reviewed the Utah study
(Kerber and others 1993) cited earlier in this chapter. That study, which was
published in the Journal of the American Medical Association, found more thyroid
cancers that would be expected for a nonexposed population and produced a risk
coefficient of 7.9 per Gy, almost the same value as calculated by Ron (7.7 per Gy).

To get an idea of the power of epidemiologic studies, consider the use of
tumor incidence data from registries reporting (as do the current SEER data) all
thyroid cases occurring over the years 1973-1992. Note that, according to Land’s
analysis, there is a population of 17.6 × 106 who were 0-4 years old in 1952, and
thus were 21-44 between 1973 and 1992. Persons who were 0-4 years old in 1963
were born during the era of underground testing, and thus may be considered to
have been largely unexposed. Their attained ages over the same 1973-1992 pe-
riod will range from 10 to 33 years. Thus, we may compare, for example, the
rates of thyroid cancer incidence among persons aged 25-29 between these two
birth cohorts.

The average age of the earlier birth cohort over the time of atmospheric test-
ing (1951-1958) is approximately 3.5 years. From Table 3.4, this corresponds to
an average thyroid dose of approximately 0.067 Gy (6.7 rad), which, in turn,
corresponds to an estimated excess risk of thyroid cancer of approximately 1.43
for this cohort compared with the later, unexposed birth cohort.

Assuming that the rate of thyroid cancer in the unexposed cohort is 4.5 per
100,000 person-years (SEER data), to have sufficient statistical power (90 per-
cent) to detect such an excess incidence, the monitoring system would have to
have covered approximately 617,000 people in each of the birth cohorts. This
would yield an expected 199 cases of thyroid cancer in the exposed cohort and
139 in the unexposed cohort. If we use a risk factor 4.3 times smaller than median
value of 7.7 per Gy (which gives the lower end of Land’s CI), then approximately
9.9 million persons would have had to have been monitored from each birth co-
hort to have the same power to detect a 10 percent increase. The SEER registries
cover about 10 percent of the entire U.S. population, or about 1.8 million persons
from the 1948-1952 birth cohort born. Potentially, then SEER registry data could
help assess whether past incidence in these birth cohorts is consistent with the
higher part of the estimated range of excess risk provided by Land.

For this report, the committee examined thyroid cancer incidence rates by
birth cohort using SEER data. It also reviewed an analysis of Idaho registry data
and another analysis of SEER data (Gilbert and others, in press for the Journal of
the National Cancer Institute) that used incidence data from 1973-1994 and thy-
roid cancer mortality data from the 48 contiguous states from 1957 to 1994. The
approach of Gilbert and colleagues was to relate county-level geographic varia-
tion in thyroid cancer incidence and mortality with the NCI’s county-by-county

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


HEALTH RISKS OF I-131 EXPOSURE 77

estimates of thyroid dose. This committee took a different approach. It compared
“exposed” versus “unexposed” birth cohorts for differences in thyroid cancer
rates. The analyses of Gilbert and colleagues are performed within each birth-
cohort separately, so that no specific comparison of “unexposed” versus “ex-
posed” birth cohorts is given. The two approaches—variation by birth cohort in
SEER and in Idaho, and variation by geographical region in SEER and in the
mortality data—are complementary, but each is subject to certain limitations. For
example, the Idaho analysis is limited because of the small population of the
state, which, in turn, limits the numbers of thyroid cancers to relatively small
numbers. The birth cohort approach to the SEER data ignores the geographical
variation in estimated dose. Also, the interpretation of results may be complicated
by external factors such as secular trends in thyroid incidence and by exposure to
I-131 from other sources such as the Pacific or Siberian nuclear tests, which con-
tinued beyond the time of above ground testing at the NTS. The analysis of Gilbert
and colleagues avoids the latter complexity, but introduces other, perhaps more
important problems, because county level doses are known with far less certainty
than are the average doses for the birth cohorts. Moreover, the analysis of Gilbert
and colleagues is much more affected by the results of migration from county to
county either at the time of exposure or in later life.

Publicly available thyroid cancer incidence data from 9 tumor registries that
make up the SEER program are tabulated in Table 3.5 for the two birth cohorts
described above, for the attained ages of 25-29 years, by region (far west and the
rest of the country). The far-western registries are in San Francisco-Oakland,
Hawaii, and Seattle; the other, not-far-western registries are in Connecticut, De-
troit, Iowa, New Mexico, Utah, and Atlanta. The far-western areas were much
less exposed to Nevada Test Site fallout than was the rest of the country, so their
incidence data are tabulated separately, although considerable migration from
eastern to western areas can be assumed to have taken place.

For the registries outside the far west, there is some evidence of about a 10
percent excess of thyroid cancers in the exposed birth cohort, but the estimate is
not statistically significant. An evident excess for males in the far-western regis-
tries is unexpected, but the numbers of cases, 38 and 28, on which this observa-
tion is based are not large. Given the NCI dose estimates, such excess cases are
not likely to be attributable to exposure to Nevada Test Site fallout.

Comparisons of thyroid cancer rates in an earlier birth cohort, 1938-1942,
with rates among the 1948-1952 birth cohort also are of interest (Table 3.6). The
1938-1942 birth cohort was aged 9-20 during 1951-1958. According to Table
3.4, the estimated excess risk of thyroid cancer would have ranged from 5 to 15
percent for this cohort, compared with more than 40 percent for the 1948-1952
cohort. SEER data allow us to compare rates of cancer at ages 35-39 for these two
cohorts (Table 3.6). Again, about a 10 percent excess risk for the 1948-1952 birth
cohort is seen in the non-far-western registries, but this is not statistically signifi-
cant. The data from the far-western registries are not consistent between males
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and females; males show 32 percent fewer thyroid cancer cases in the 1948-1952
cohort, and females show a 23 percent increase. Because differences in thyroid
cancer incidence in the western registries are less apt to be due to I-131 exposure
from the Nevada Test Site than are differences in the other registries, they suggest
some difficulties in attributing differences in the non-far-western cohorts to I-
131.

Appendix D provides a detailed examination of the thyroid cancer rates in
Idaho by birth cohort and county for the period 1970-1996. While several Idaho
counties showed elevated rates of thyroid cancer, they did not correlate very
closely with estimated thyroid dose. The birth cohort born from 1948 to 1958
showed a 5 percent excess of incident cases compared to earlier and later cohorts,
but this increase was not significant with the 95 percent confidence interval as the
excess among the counties ranges from −7 to +18 percent. Within the most sensi-
tive of the three birth cohorts examined in the Idaho analysis, there was little
evidence of association with county or the county-specific estimate of thyroid
dose; however the power to detect a dose response, within the relatively small
population of Idaho, is quite low.

The analysis of Gilbert and colleagues relates geographic variation in thyroid
cancer incidence and mortality rates in counties from the 48 contiguous states to
the NCI estimates of average dose within each county. Overall that analysis finds
negative nonsignificant excess risk due to I-131 exposure. However, when the
analysis is restricted to those subjects exposed in infancy (age <1 y), a positive
association between dose and risk is marginally significant for both thyroid cancer
incidence (p = 0.11) and mortality (p = 0.054). The findings for that very narrow
age group (<1 y at exposure), however, contrast with those in the group aged 1-5
years at exposure, for which dose responses were estimated to be negative despite
the fact that subjects aged 1-5 years ought to be nearly as radiosensitive as the
infants (based on findings from the external radiation studies). When the analyses
of Gilbert and colleagues were restricted to subjects who were aged 0-4 at any
time during 1950-1954 (i.e. those born between 1950-59), a significant associa-
tion between I-131 exposure and thyroid cancer mortality (ERR per Gy = 12.0, p
= 0.005) was detected. No other birth cohort (including those born between 1955
and 1964) showed positive risk estimates for mortality based on the county level
dose estimates. Moreover there was no increase in incidence detected in the 1950-
1959 birth cohort (ERR per Gy = 0.3, p = 0.66) The fact that mortality but not
incidence showed a dose response in this birth cohort is puzzling. There were
almost 3 times as many incident cases as thyroid cancer deaths (12,657 vs. 4,602),
which would imply that the power to detect increases in risk should be far greater
in the thyroid cancer incidence data than in the mortality data.

The impression left by these three studies—birth cohort comparisons of inci-
dence in Idaho, birth cohort comparisons in SEER, and the study of Gilbert and
colleagues using geographical variation in SEER incidence and thyroid cancer
mortality—is that there is little evidence of widespread increases in risk related to

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


HEALTH RISKS OF I-131 EXPOSURE 79

the pattern of exposure of I-131 as described in the NCI report. They suggest that
the numbers of excess cases of thyroid cancer due to I-131 exposure from the
Nevada weapons tests are likely to be in the lower part of the range estimated in
the Land memo. Furthermore, the estimate of only a 10 percent increase in risk
between the exposed and nonexposed birth cohorts as detected in SEER, lies in
the lower portion of the range of excess cases that was estimated by Land. Trans-
lating the 10 percent increase in risk for these cohorts to excess lifetime risk
(using the linear constant excess relative risk model) amounts to approximately
11,300 excess cases (using an RBE of 0.6). The range of uncertainty attached to
this estimate, however, is itself large, so that the use of registry data beyond what
is currently available in SEER is important to pursue and will allow more detailed
comparisons of age-specific rates of thyroid cancer. Some registries, such as the
one in Connecticut, predate the SEER data years by a considerable margin.

This discussion has emphasized the uncertainties inherent in using the NCI
(NCI 1997a) report to determine the likely number of excess thyroid cancer cases
caused by exposure of the American public to I-131 fallout from the Nevada Test
Site. Nevertheless, based on the other data reviewed in this chapter, the commit-
tee finds it reasonable to conclude that some excess cases of thyroid cancer have
occurred and will continue to occur as a result of the Nevada weapons tests.

TABLE 3.5 SEER Thyroid Cancer Incidence Data. Comparisons of Thyroid
Cancer Rates at Ages 25-29 Between Birth Cohorts Born in 1948-1952
(Exposed) and 1959-1963 (Relatively Unexposed)

Approximate Percentage
Number Number Rate per Excess in p-Value

Birth of 25-29 of Thyroid 100,000 Birth for
Cohort Year Olds Cancers Person-Years Cohort Excess

Far western registries
1948-1952 (Monitored in 1977)

Males 317,724 38 2.39 65.6 0.10
Females 310,404 136 8.76 8.1 0.50

1959-1963 (Monitored in 1988)
Males 387,623 28 1.44 —
Females 367,614 149 8.11 —

Other registries
1948-1952 (Monitored in 1977)

Males 590,102 52 1.76 9.8 0.63
Females 601,506 257 8.55 9.9 0.28

1959-1963 (Monitored in 1988)
Males 673,052 54 1.60 —
Females 683,896 266 7.78 —
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Estimate of the Number of Cases of Thyroid Cancer
That Have Already Been Manifested

The population at excess risk of thyroid cancer from I-131 due to fallout
from weapons testing at the Nevada Test Site consists of people born between
approximately 1940 and 1957. These individuals are now in their early 40’s to
late 50’s in age, and are more than 40 years past their initial exposures. Reported
follow-up of the groups considered by Ron and colleagues (1995) is as yet insuf-
ficient to be certain that childhood exposure to thyroid radiation results in contin-
ued risk for the remainder of one’s lifetime (that is, beyond 40 years from time of
exposure). Assuming a constancy of excess relative risk obtains, then the distri-
bution of excess thyroid cases would mirror the age specific rates of this cancer.
Table 3.7 gives the fraction of thyroid cancer risk manifested by ages 40-60 for
males, females, and the sexes combined, with the computations based upon the
incidence rates published by SEER.

It should be noted that when the sexes are combined the expected values are
closer to those for females than for males because females have a higher back-
ground risk of thyroid cancer. Since the birth cohort most at risk is presently
between the ages of 45 and 50 years, a reasonable estimate of the fraction of
excess cases that have already occurred is about 45 percent. This calculation, as

TABLE 3.6 SEER Thyroid Cancer Incidence Data. Comparisons of Thyroid
Cancer Rates at Age 35-39 Between Birth Cohorts Born in 1938-1942
(Relatively Unexposed) and 1948-1952 (Exposed)

Approximate Percentage
Number Number Rate per Excess in p-Value

Birth of 35-39 of Thyroid 100,000 Birth for
Cohort Year Olds Cancers Person-Years Cohort Excess

Far western registries
1938-1942 (Monitored in 1977)

Males 209,307 52 4.97 —
Females 203,509 95 9.34 —

1948-1952 (Monitored in 1988)
Males 350,438 59 3.37 −32.2 0.05
Females 344,993 198 11.48 22.9 0.09

Eastern registries
1938-1942 (Monitored in 1977)

Males 388,265 59 3.04 —
Females 407,757 182 8.97 —

1948-1952 (Monitored in 1988)
Males 584,760 102 3.49 14.8 0.4
Females 605,706 294 9.71 8.2 0.4
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TABLE 3.7 Fraction of Expected Thyroid Cancer Cases Occurring by a Given
Age.

Age (years) Females (%) Males (%) Sexes combined (%)

40 33 20 30
45 42 27 38
50 52 35 48
55 61 45 57
60 69 54 65

are all of the risk calculations in this report, is strongly dependent upon the as-
sumption of a constant excess relative risk throughout a lifetime after early child-
hood exposure to thyroid radiation. If the excess relative risk declines with at-
tained age, the fraction of cases expressed to date would obviously be different,
but in the absence of evidence of such a decline, the committee believes the
number, 45 percent, is reasonable as said. Clearly, this value has important impli-
cations with regard to the steps that might be invoked to diminish the as yet
unmanifested public health consequences of the exposures to I-131.

CONCLUSIONS

Exposure to I-131 as a by-product of nuclear reactions can cause thyroid
cancer as shown conclusively by the 1986 nuclear accident in Chernobyl, which
resulted in high level exposure for many people. The NCI dose reconstruction
model indicates that the level of exposure to I-131 was sufficient to cause and
continue to cause excess cases of thyroid cancer. Because of uncertainty about
the doses and the estimates of cancer risk, the number of excess cases of thyroid
cancer is impossible to predict except within a wide range.

Epidemiological analyses of past thyroid cancer incidence and mortality rates
provide little evidence of widespread increases in thyroid cancer risk related to
the pattern of exposure to I-131 described in the NCI report. They suggest that
any increase in the number of thyroid cancer cases is likely to be in the lower part
of the ranges estimated by NCI. The epidemiological analyses are, however, sub-
ject to considerable limitations and uncertainties. Given the uncertainties in both
the dose reconstruction model and the epidemiological analyses, further epide-
miological analyses will be necessary to clarify the extent to which the Nevada
tests increased the incidence of thyroid cancer. Pending these studies, it is pru-
dent for DHHS to plan its responses as if excess cases of thyroid cancer have
occurred.

Individual-specific estimates of the probability of developing thyroid cancer
from exposure to fallout from the Nevada testing program are uncertain to a
greater degree than the dose estimates because of the additional uncertainty, in
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particular, about the cancer-causing effect of low doses of I-131. Nonetheless, the
committee concluded that the Nevada weapons-testing program resulted in I-131
exposure that has increased the usual risk of thyroid cancer for some members of
the population, mainly those who were very young and drank milk from a back-
yard cow or, in particular, a backyard goat. The program of public information
discussed in Chapter 5 will inform people about their possible exposure and the
risk of thyroid cancer.

ADDENDUM 3: UNDERSTANDING RADIATION RISK FACTORS
AND INDIVIDUAL RISK

Radiation cancer risk factors can be expressed in a variety of forms including
Relative Risk (RR) and Excess Relative Risk (ERR). Values of these factors have
been discussed in the text and appear in Table 3.4 but both are complex math-
ematical concepts. These factors can be used to derive a more useful figure for an
individual exposed to radiation: that being the chance that the person will de-
velop cancer in his or her remaining lifetime following a radiation exposure. This
section is intended to elucidate the interpretation and use of these factors for that
purpose.

Before proceeding with detailed explanations, it must be noted that there is
considerable uncertainty associated with the cancer risk factors as derived from
epidemiological studies. Thus, the risk1 of contracting cancer that one might de-
termine from a calculation should be understood to be only an estimate and the
true value of their risk may be several times higher or lower.2 In addition, the
biological response to radiation exposure is different for every individual. Thus,
some individuals will be more susceptible to radiation damage and its effects and
others less so. Factors influencing individual sensitivity are presently not suffi-
ciently well understood to be accounted for in individual risk calculations.

One useful expression of risk is the Percentage Lifetime Risk. Lifetime Risk
expresses the chance of contracting a cancer within a lifetime (85+ years for a

1In this discussion, the words risk, chance, probability, and likelihood can be assumed to have the
same meaning.

2For the mathematically inclined reader: The extent of this uncertainty will be a combination of the
uncertainty in the dose estimate and the uncertainty in the cancer risk factor derived from epidemio-
logical studies. The uncertainty in the dose estimate will vary with location, with higher uncertainties
in those western states nearer to the Nevada Test Site (a factor of 6 to 20 either side of the estimated
geometric mean dose) and lower uncertainties in the eastern United States (a factor of 3 to 10 either
side of the estimated geometric mean dose). The uncertainty in the cancer risk factor has been esti-
mated to be approximately a factor of 3.6 on either side of the central estimate (the central estimate of
risk is an Excess Relative Risk of 7.7 per gray [Gy]). The overall uncertainty in the Percentage
Lifetime Risk estimate for an individual is large and could be 5 to 30 times depending on location of
residence at the time of exposure. This means that the true Percentage Lifetime Risk could be much
smaller (by 5 to 30 times) or much larger (by 5 to 30 times).
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newborn) or within the remainder of life following a radiation exposure. Because
all types of cancers can occur in the absence of radiation, there is a background
incidence rate even when no exposure has taken place. Thus, the Percentage
Lifetime Risk is never zero, even in the absence of radiation exposure above that
from natural background radiation.3 In the case of thyroid cancer, about 0.25
percent of males (1 in 400) and 0.65 percent of females (1 in 153) will have the
disease within his or her lifetime for reasons unrelated to radiation exposure
(above that from natural background radiation). Thus, without any radiation ex-
posure above that from natural background radiation, the Percentage Lifetime
Risk for males and females is 0.25 and 0.65, respectively (see line 6 of Table 3.4).

The chance of a single person developing a disease is a difficult concept for
most people to understand because one either contracts the disease or does not.
Lifetime Risk can perhaps be better explained by defining it to express the number
of people out of each 100 similar people that would develop the disease. The
same numerical value of Percentage Lifetime Risk can apply equally well to the
chance for an individual to develop cancer, or to the proportion of people out of
each 100 that will develop cancer. The interpretation used is largely a matter of
individual preference.

In the case of thyroid cancer caused by radiation, adults of 20 years of age
and greater at time of exposure are considered to be at negligible risk. Thus, their
Lifetime Risk (see column 6 of Table 3.4) is equal to the background incidence of
this disease in an unexposed American population (0.25 percent males, 0.65 per-
cent females). The Percentage Lifetime Risk from the Nevada Tests for other age
cohorts is shown in Table 3.4 based on the average radiation dose noted in column
3 as computed by NCI. The Percentage Lifetime Risk is, in general, higher for
larger radiation doses, higher when exposure occurs at younger ages, and higher
for females compared to males at the same age and the same radiation dose.

In Table 3.4, adults over 20 years of age (last line of the table) can serve as a
reference group to which other age cohorts are compared. Using that simple idea,
a Relative Risk figure (see column 6 of Table 3.4) can be calculated, which simply
expresses a multiple of the risk to an unexposed person or the adult.  In Table 3.4
for example, the Relative Risk for individuals of age 15-19 years at time of expo-
sure is 1.01 or 1 percent higher than the adult groups for the same average dose as
the adults received. This small increase in the Relative Risk does not significantly
affect Lifetime Risk which is about 0.25 percent, the same as for older peers.

As mentioned earlier, the Relative Risk increases with increasing dose but is
also greater for younger ages of exposure. That effect can also be seen in Table
3.4, which gives higher Relative Risks (always in relation to the adult cohort) for
the younger groups who also had higher average doses from the Nevada tests.
Higher Relative Risks result in proportionally higher Percentage Lifetime Risks.

3The thyroid gland would receive on average about 0.001 Sv annually from natural ionizing radia-
tion in the environment.
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For example, those less than 1 year of age at exposure (who received on average
10.3 rad) have a Relative Risk of 1.67. This is the same as saying the risk is 1.67
times the risk of adults (who received an average dose of 1.8 rad). Consequently
the Percentage Lifetime Risk for the less than 1 year old group is 1.67 times that
of adults, equal to 0.42 percent (males) or 1.07 percent (females).

In lieu of presenting further mathematical detail necessary to manipulate the
risk factors, it appears more useful to further discuss only the Percentage Lifetime
Risk. This value may be obtained directly from Table 3.4 if certain assumptions
can be made. Specifically, the table presents the Percentage Lifetime Risks for
individuals who received a radiation dose equal to the average for his or her age
cohort as estimated by NCI. Column 5 of Table 3.4 gives those risk values given
the assumptions used. The highest risk for a male is 0.42 percent, which is for an
exposure of about 10 rad at one year of age. The highest risk for a female would
be 1.1 percent.4 The risk of 0.42 percent (male) or 1.1 percent (females) equates
to about 1 in 240 males of his age cohort or 1 in 92 females developing thyroid
cancer sometime in her life if lived to age 85+.

The disease rates computed above for a 10 rad exposure to a 1 year old are 67
percent higher than the background incidence, which is 1 in 400 males or 1 in 173
females developing thyroid cancer sometime in his or her life. By way of com-
parison, women have about a 1 in 8 Lifetime Risk to age 85 of being diagnosed
with breast cancer and men about a 1 in 5 Lifetime Risk of being diagnosed with
prostate cancer.

For the Lifetime Risks presented in Table 3.4 to be applicable to any indi-
vidual, that person must have received the national average dose for his or her age
cohort. For a person to determine the dose with any confidence would require
extensive calculations, even then the uncertainty would be great. For those indi-
viduals highly concerned about their individual risks, determining relevant doses
specifically for themselves is a difficult undertaking. At present, there are few
alternatives to completing complex calculations though an alternative method is
suggested in Addendum 5.

One method for a person to estimate his or her personal risk would begin
with obtaining an estimate of the individual total dose (from all tests) from the
NCI Web site. That process is difficult and the concerns expressed in this report
about the uncertainty of calculated doses should be borne in mind. Under the
assumption that the computed dose accurately represents the exposure of the indi-
vidual, one’s Percentage Lifetime Risk could then be estimated by the following
steps:

1) Obtain the Percentage Lifetime Risk from Table 3.4 for the age cohort.

4For females, the Percentage Lifetime Risk is estimated to be 2.6 times greater than males at any
dose.
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2) Subtract 0.25 (males) or 0.65 (females) (the Lifetime Risk for the adult
group) from the value found in step 1.

3) Calculate the ratio of the one’s dose estimate to the average dose for the
age cohort.

4) Multiply this ratio by the value from step 2 above.
5) Add the adult value for Percentage Lifetime Risk (0.25 for males or 0.65

for females) to the number from step 4 above.

The number calculated by the above five steps would be an estimate of one’s
individual Percentage Lifetime Risk. It could be interpreted as the percent chance
of developing thyroid cancer during their lifetime to 85+ years of age, or the
proportion of 100 people who would develop the disease. For example, if the
person was less than 1 year old at time of exposure and his or her individual dose
estimate was about 50 rad, he or she would calculate a Percentage Lifetime Risk
of about 1.1 (males) or 2.9 (females), meaning that the chance of developing
thyroid cancer by age 85 would be about 1 percent (males) or 3 percent (females).
Equivalently, for this 50 rad dose, it would mean that 1 of every 100 males or 1 of
every 35 females like themselves would contract the disease because of the radia-
tion exposure. Relatively few individuals likely received doses as high as 50 rad,
thus relatively few persons would have chances of developing thyroid cancer this
great.5

Two final points are worthy of note in this discussion of risk estimates. First,
for those who are diagnosed with radiation related thyroid cancer, the prognosis,
as previously discussed, is good. Second, the individuals that are diagnosed with
thyroid cancer can have a relatively high probability that the disease was caused
by radiation exposure even if the likelihood that they would get the disease was
low. For example, the probability that a cancer is a result of radiation exposure
(this probability is termed “probability of causation” or PC) (NIH 1985) can be
calculated as [Relative Risk – 1]/[Relative Risk].6 Thus, for the child having re-
ceived an actual dose of 10.3 rad (see Table 3.4), the PC would equal (1.67 − 1)/
1.67 = 0.40. This corresponds to a 40 percent chance the cancer was a result of
radiation exposure. This can be compared with a chance of only 0.42 percent
(male) or 1.07 percent (female) that they would have developed the disease dur-
ing their lives following a 10.3 rad exposure at 1 year of age. The PC becomes
increasingly higher for larger radiation doses.

5The primary exception would be individuals who routinely drank goats’ milk. NCI estimated the
number of such individuals in the United States who were in childhood at time of exposure to have
been about 20,000. These persons could have received doses greater than 100 rad at many locations.

6There are alternate ways to write this equation, all are equivalent: PC = (RR − 1)/RR = ERR/RR =
ERR/(1 + ERR).
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4

Implications for Clinical Practice and
Public Health Policy

Efforts to measure and understand the implications of the exposure of Ameri-
cans to radioactive fallout from the atomic bomb tests at the Nevada Test Site in
the 1950s raise a variety of clinical and public health issues including directions
for further research, strategies for informing the public about risk, and policies
for disease screening. This chapter focuses on thyroid cancer screening for people
thought to be at higher-than-average risk for thyroid cancer from exposure to
iodine-131 (I-131) fallout. It also briefly considers screening for other thyroid
disorders. The final sections consider clinical and public health policies based on
a review of the scientific literature on the accuracy, benefits, and harms of screen-
ing.

In public health terms, screening for thyroid cancer is a form of secondary
prevention.1 Like screening for other cancers, the goal is to detect disease in
people without symptoms so that they can be treated early to reduce mortality and
morbidity. Routine screening is directed at the population generally; targeted
screening seeks people who have a higher-than-average risk of developing a dis-
ease. In either case, a screening program has value only when earlier detection of
a disease results in earlier treatment that improves outcomes for the screened
population.

The appeal of screening as a means of reducing the burden of disease is
powerful, and much has been claimed for a large array of tests that screen for

1Primary prevention aims to eliminate or reduce health threats (e.g., by treating waste water) and to
make people less susceptible to such threats (e.g., through vaccination). Tertiary prevention involves
treatment and management of existing illness (e.g., through drug therapy for diagnosed heart disease)
to reduce the threat of complications or progression.
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diseases causing premature morbidity and mortality. The U.S. Preventive Ser-
vices Task Force has, for example, examined and made recommendations about
screening for 53 conditions, including heart disease, several kinds of cancer, in-
fectious diseases, prenatal disorders, and sensory problems. As these and other
recommendations and analyses make clear, clinical epidemiologic research con-
firms the value of some screening tests but does not support claims for others
(USPSTF 1996; Russell 1994; Eddy 1991).

Efforts to evaluate screening strategies and to develop evidence-based rec-
ommendations for screening can generate considerable controversy. Science-
based conclusions (especially when the conclusion is that the evidence for screen-
ing is negative, inconclusive, or lacking) can conflict with the understandable
public desire to believe that a particular screening test will save lives. A case in
point is the controversy over a recommendation from an NCI consensus panel that
screening for breast cancer in women ages 40 to 49 should be a matter for women
to decide with their clinicians rather than a routinely advised practice (Begley
1997; Eddy 1997; Ransohoff and Harris 1997). Following protests and criticism
from some advocacy groups and some members of Congress, a different NCI
panel (the National Cancer Advisory Board) recommended routine breast cancer
screening for this age group (Taubes 1997) even though many scientists think
that evidence is still inadequate to support general screening in this age group.

The discussion in this chapter builds on sections in other chapters of this
report that have examined who is potentially at risk of thyroid cancer from I-131
exposure, how great the risk is, and how communication with the public should
be structured. It also draws on the literature review and analyses presented in the
background paper commissioned for this study (Appendix F). The discussion
here also builds generally on the principles of evidence-based clinical practice
and public health policy. It recapitulates some of the information on thyroid can-
cer presented earlier, so that this chapter can be read independently. This chapter
reviews

• The concepts and principles for screening recommendations.
• The burden of illness associated with thyroid cancer.
• The benefits and harms of screening.
• The tests used for screening.
• The evidence about test accuracy and the benefits of early detection.
• The screening recommendations of other groups.
• This study’s conclusions and recommendations.

PRINCIPLES FOR SCREENING RECOMMENDATIONS

The specific conclusions about thyroid cancer screening for exposed persons
were developed by the Institute of Medicine (IOM) committee that was described
in Chapter 1. In developing its recommendations, the committee examined the
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scientific literature (including the literature review by Eden, Helfand, and Mahon
in Appendix F), considered position statements and guidelines developed by other
groups and individuals, and benefited from the discussion of diverse experts at a
March 17-18, 1998, workshop convened by the committee (see Appendix A for
the agenda and participants). In addition, the committee reviewed information
from the public meetings, analyses, and deliberations of the National Research
Council committee that considered the I-131 thyroid doses from the Nevada tests,
the cancer risk posed by I-131 exposure, and the approaches to communicating
with the public about exposure and risk.

Criteria for Clinical Recommendations

In developing guidelines for thyroid cancer screening for people potentially
exposed to I-131 fallout from the Nevada tests, the IOM committee began with
several broad principles. Consistent with the established and recognized mission
of the IOM and the National Research Council, the guidelines would be based on
careful review and assessment of the scientific evidence. They would be intended
to assist practitioner and patient decisions about appropriate health care for spe-
cific clinical circumstances and to inform policy decisions about public health
strategies.

Recommendations set forth by the IOM and others (CDC 1996; USPSTF
1996; McCormick and others 1994; IOM 1992; Eddy 1991) have proposed a
number of additional criteria for guidelines for clinical practice.

First, the disease targeted for screening should be

• Important in terms of prevalence, incidence, and mortality or morbidity
(disease burden).

• Amenable to treatment that produces better outcomes (benefits balanced
against harms) than observation alone or no treatment at all.

• More successfully treatable (e.g., condition cured, progression slowed) if
detected at an earlier stage than would be possible without screening (e.g., before
symptoms are evident).

Second, screening recommendations should be based on evidence related to
the technical characteristics of a test used for screening. A screening test should
be

• Reliable, accurate, and safe in detecting the disease earlier than would be
possible under the conditions of usual care, as indicated by the test’s sensitivity,
specificity, and positive predictive value (see Addendum 4A for definitions and
an illustration of the effect of disease prevalence on screening test performance).

• Projected to have benefits (e.g., improved life expectancy or quality of
life) that outweigh harms (e.g., possible unnecessary diagnostic work-ups or sur-
gery for false-positive results or nonprogressive cancers).
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Third, for screening to be implemented successfully, a screening strategy
should be

• Acceptable to the public (e.g., involve reasonable burdens or harms as
perceived by those to be screened).

• Acceptable to clinicians (e.g., not unreasonably burdensome to undertake).
• Effective and feasible to implement in normal practice.
• Cost-effective (e.g., have a cost per life saved or quality-adjusted life-year

gained that is comparable to or less than that provided by other accepted interven-
tions).

The last of these common criteria for screening—cost-effectiveness—was
not considered by the committee in its analyses nor was such analysis specified in
the charge to the IOM from the National Cancer Institute. Clinical evidence and
considerations alone determined the committee’s conclusions. The committee,
however, noted that if evidence does not support claims that an intervention is
clinically effective or that its benefits outweigh its harms, then the further step of
cost-effectiveness analysis makes no sense.

The committee’s criteria for making recommendations about thyroid cancer
screening for those exposed to I-131 from the Nevada tests can be depicted as an
evidence pyramid (Figure 4.1). The lowest tier involves evidence of a population
health problem; next are the availability of effective treatment for the disease and
of accurate and feasible screening tests; a yet higher tier involves evidence that
early detection through screening improves outcomes; and at the top of the pyra-
mid is evidence that benefits exceed harms. Recommendations for screening ap-
parently health populations are generally held to a higher standard of effective-
ness than recommendations for treatment in people with evident disease or injury.

To make a positive recommendation for screening for thyroid cancer in
people exposed to I-131 from the Nevada nuclear tests, the committee deter-
mined in advance 1) that a chain of evidence was required that exposure to I-131
from fallout increases the risk of thyroid cancer; 2) that effective treatment is

FIGURE 4.1 Pyramid of evidence for national screening policy.

Screening benefits exceed harms
 Early detection of disease improves survival
 Accurate, practical screening test is available

 Effective treatment for disease exists
 Disease or disease risk is identified in population or population subgroup
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available for the disease; 3) that screening tests for thyroid cancer are reliable,
accurate, and practical in detecting disease earlier than would occur with usual
care; 4) that early detection of thyroid cancer by screening improves treatment
outcomes; and 5) that the potential benefits of screening outweigh its potential
harms. The strength of either a positive or a negative recommendation would
depend on the strength of the evidence on these four points. For example, if evi-
dence suggested that screening was efficacious but that good results depended on
the skill or experience of the clinicians performing the screening tests, then a
recommendation might describe when referral to a more experienced clinician
should be considered. A committee recommendation about an intensive public
health program to encourage or pay for screening would have to note (as de-
scribed above) that the committee did not analyze the cost-effectiveness of thy-
roid cancer screening compared with other screening strategies of demonstrated
value.

BURDEN OF ILLNESS

General Burden of Mortality and Morbidity

Chapter 3 presented data for thyroid cancer in the United States. To recapitu-
late in the context of this discussion of screening policy, thyroid cancer is uncom-
mon and rarely life-threatening. The overall age-adjusted incidence for all forms
of thyroid cancer is 4.9 per 100,000 population (unless otherwise indicated, data
are from NCI 1997b), and it accounts for about 1 percent of cancers diagnosed
each year and about 0.2 percent of cancer deaths (an estimated 1,200 out of
564,800 in 1998) (ACS 1998a). The majority of these cancers are papillary carci-
nomas, which is also the form of thyroid cancer linked to I-131 exposure.

Naturally occurring thyroid cancer is considerably more common in women
than it is in men, 6.9 cases per 100,000 for women versus 2.8 for men (NCI
1997b), and it is more frequent in whites than in blacks.2 For men, the incidence

2These data come from SEER (NCI 1997b). SEER stands for the Surveillance, Epidemiology, and
End Results Program, which is part of the National Cancer Institute. The SEER program was estab-
lished following 1971 legislation directing NCI to collect, analyze and disseminate data useful in
preventing, diagnosing, and treating cancer. The SEER data reported here were collected from 9 or 11
designated cancer registries. For all years, the registry reporting areas include Connecticut, Iowa,
New Mexico, Utah, Hawaii, Detroit, San Francisco-Oakland, Atlanta, and Seattle-Puget Sound with
data from Los Angeles and San Jose-Monterey included for the most recent period. These registries
cover an estimated 9.5 (9 areas) or 13.9 percent (11 areas) of the U.S. population. The registries
abstract records for all resident cancer patients seen in hospitals inside and outside the geographic
area; search other records (e.g., private laboratories) to identify additional patients; abstract death
certificates for residents with a cancer diagnosis listed regardless of site of death; and follow most
identified living patients who have a cancer diagnosis. Information abstracted includes patient demo-
graphics and primary disease site, morphology, diagnostic confirmation, extent, and initial therapy.
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of thyroid cancer increases fairly steadily until age 70; for women, incidence
peaks in middle age. The median age at diagnosis for all forms of thyroid cancer
is 43 years for women and 50 years for men. For those who die of all forms of
thyroid cancer (a small proportion of those diagnosed), the median age at death is
75 years for women and 69 years for men.

Survival rates for this disease are high. The 10-year cancer-specific survival
rate for persons with papillary carcinoma, the form linked to radiation exposure,
is estimated at 95 percent and the 30-year survival rate is estimated at 90 percent
(Wang and Crapo 1997; Mazzaferri and Jhiang 1994). Women’s survival rates
are somewhat higher than rates for men (96 percent for women versus 92 percent
for men at 5 years for all thyroid cancers combined). Survival rates are somewhat
lower for blacks than for whites (around 88 percent at 5 years for all thyroid
cancers combined).

Age-adjusted mortality rates for all forms of thyroid cancer are 0.4 per
100,000 for women and 0.3 per 100,000 for men. (By way of comparison, the
mortality rate for lung cancer is 32.8 and 73.2 per 100,000 for women and men
respectively; for breast cancer in women, the mortality rate is 26.4 per 100,000
and for men, the mortality rate for prostate cancer is 26.9 per 100,000.) Although
relatively low at all ages, mortality rates rise after about age 45, an age already
reached or being approached by the cohort potentially at risk of thyroid cancer
from exposure to radioactive fallout from the Nevada tests.

Chapter 3 noted that thyroid cancer is among the cancers that have increased
in incidence but decreased in mortality rate over the past 30 years. The contrast
between the incidence and mortality trends has been attributed to more sophisti-
cated detection technologies (ultrasound for nodules and FNA biopsy for cancer)
and more complete diagnostic reporting (Wang and Crapo 1997). The disease
accounts for about 1 percent of all cancers and about 0.2 percent of cancer deaths
(an estimated 1,200 of 564,800 in 1998, according to the American Cancer Soci-
ety 1998a).

Mortality does not represent the only burden of thyroid cancer. Symptoms of
the disease itself, the processes of diagnosis and treatment, and the consequences
of and follow up after treatment also must be considered. Symptoms for treatable
disease are relatively uncommon but can include hoarseness and difficulty swal-
lowing or breathing. Diagnosis by fine-needle aspiration (FNA) biopsy can cause
anxiety and minor physical discomfort, as described later in this chapter and can
lead to overtreatment for small lesions.

Surgical treatment for clinically significant papillary thyroid cancer is gener-
ally considered to provide effective treatment and improve long-term survival
(Mazzaferri and Jhiang 1994; Mazzaferri 1993b; Hay 1990). Some controversy,
however, remains about specific surgical strategy.3 Surgical treatment involves

3See, for example, Cady and Rossi (1988), Shaha and others (1995) on the case for subtotal thy-
roidectomy and Mazzaferri (1996), Schlumberger (1998), and Demure and Clark (1990) on the case
for near-total thyroidectomy.
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inpatient surgery that typically removes nearly all of the thyroid gland (leaving a
small part of the gland near the entrance of the laryngeal nerve into the larynx)
(Falk 1997). Surgical scars are generally visible on the neck above shirt or blouse
collars, which may bother some people and not others. If a thyroid cancer, other
than a very small one is found, surgery is often followed by radiation treatment
with I-131 to destroy remnant thyroid tissue. After total or near-total thyroidec-
tomy, patients require lifetime thyroid hormone replacement therapy, which if
properly prescribed and monitored, does not present significant risk of adverse
side effects.

In addition to a very small risk of complications from anesthesia, identified
surgical risks include permanent damage to the laryngeal nerve (with resulting
severe hoarseness) and inadvertent removal of the parathyroid glands (with medi-
cation required to treat subsequent problems related to hypocalcemia, which can
include muscle tremors, cramps, and seizures). A recent review of seven studies,
involving a total of 1,754 patients, reported permanent hypoparathyroidism rates
of 0.8 to 5.4 percent (weighted mean, 2.6 percent) for those undergoing total
thyroidectomy; for subtotal thyroidectomy, the weighted mean was 0.2 percent
(Udelsman 1996). The review also reported permanent recurrent laryngeal nerve
injury in 0 to 5.5 percent (weighted mean 3.0 percent) for total thyroidectomy
patients and in 1.1 to 3.2 percent (weighted mean, 1.9 percent) of those undergo-
ing the less extensive procedure. Although the committee is not aware of specific
research on the relationship between thyroidectomy complication rates and surgi-
cal skill or experience, the technical difficulty of thyroid surgery, especially for
total or near-total thyroidectomy, is such that lower complication rates might
reasonably be expected from surgeons and centers that perform higher volumes
of procedures.4 Patients who undergo surgery for large invasive tumors or who
have extensive lateral lymph node dissections (i.e., standard radical neck dissec-
tion) combined with total thyroidectomy are at higher risk for complications, as
are older patients who are likely to have comorbid conditions (Mazzaferri and
others 1977).

Exposure to I-131 and Risk of Thyroid Problems

The NCI report links higher exposure to I-131 to a combination of geographic
location, age at exposure, and milk consumption, especially milk from “back-
yard” cows and, particularly, goats. As discussed in the NCI report and in Chap-
ter 2 of this IOM/NRC report, the NCI’s estimates of the American public’s ex-
posure to I-131 from the 1951-1962 nuclear tests in Nevada are characterized by

4Chen and others (1996) discuss outcomes for parathyroidectomy specifically. General discussions
of the procedure appear in Hughes and others (1987), Banta and others (1992), Grumbach and others
(1995), Imperato and others (1996), Tu and Naylor (1996), and Wennberg and others (1998).

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


IMPLICATIONS FOR CLINICAL PRACTICE AND PUBLIC HEALTH POLICY 93

substantial uncertainty. This uncertainty, which is inevitable given data limita-
tions related to geographic measurements of fallout and reconstruction of milk
consumption information, applies to general characterizations of total population
exposure but it creates the greatest problems for making individual estimates.
Accurate estimates of a specific individual’s exposure are usually not possible.

Chapter 3 concluded that evidence supports a link between exposure to ra-
dioactive iodine from fallout and papillary thyroid cancer. The major uncertainty
of this relationship would be at the lower exposure levels that characterized most
Americans’ exposure from the Nevada weapons testing program. For the average
American woman, the probability of being diagnosed with thyroid cancer by the
age of 95 is roughly 1 chance in 150 without exposure and 1 in 90 with exposure
to 0.1 Gy (10 rad). For the average man, the corresponding probabilities are 1 in
400 without exposure and 1 in 150 with exposure. As noted earlier, papillary
thyroid cancer, the form related to radiation exposure, is rarely life threatening.

Nonmalignant Thyroid Disease Associated with I-131 Exposure

In addition to thyroid cancer, Chapter 3 investigates whether evidence links
I-131 exposure to other thyroid disorders, which include thyroid nodules, hy-
pothyroidism, hyperthyroidism, and autoimmune thyroiditis and goiter. The re-
view in Chapter 3 cites considerable evidence of links at moderate and high
exposures but little evidence suggesting a link between hypothyroidism or hyper-
thyroidism and I-131 doses in the range experienced by most of those exposed to
fallout from the Nevada nuclear tests. For example, a study of Utah “down-
winders” exposed to atomic weapons test fallout after birth (mean dose of 0.098
Gy [9.8 rad] with a maximum of 4.6 Gy [460 rad]) showed no excess of nonma-
lignant thyroid disease (Kerber and others 1993).

Given the conclusions in Chapter 3, the IOM committee did not investigate
the disease burden of nonmalignant disease or the evidence base for screening for
such disease in people exposed to I-131 from the Nevada nuclear tests. The re-
sults of the Hanford Thyroid Disease Study (see www.fhcrc.org/science/phs/htds)
may clarify the extent to which childhood exposure to low doses of I-131 is linked
to thyroid problems in adulthood. This clarification should, in turn, clarify whether
it is warranted for DHHS to examine the evidence on screening for nonmalignant
disease.5

THYROID CANCER SCREENING AND DIAGNOSTIC OPTIONS

Screening for thyroid cancer may involve two steps. For the first step, screen-
ing for thyroid nodules, the options reviewed by the committee are physical pal-

5 As this report was nearing public release and after the committee had concluded its deliberations,
the American College of Physicians published new recommendations for screening for benign thyroid
disease (Helfand and others 1998; Helfand and Redfern 1998).
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pation and ultrasound examinations of the neck (Charboneau and others 1998). If
these tests detect a large nodule (1.5 cm or larger), the second step, FNA (fine
needle aspirate) biopsy of the nodule, is usually performed. Observation (with
periodic examinations) will be the approach for most of those who have small
(less than <1.5 cm), otherwise unsuspicious lesions detected by palpation or ul-
trasound. Most such lesions, often discovered during ultrasound examinations for
other conditions (e.g., carotid artery disease, parathyroid problems), are benign
and even those that have cancer cells will usually not become life- or health-
threatening. Some patients are referred directly for surgery following detection of
a nodule, although this is not standard or recommended practice (AACE 1997a;
Tan and Gharib 1997; Ezzat and others 1994; Mazzaferri 1993b).

Physical palpation of the thyroid6 is performed in conjunction with a visual
examination of the neck and a patient history that documents possible risk factors
such as age, sex, family history of thyroid disease (especially papillary or medul-
lary cancer), personal history of previous head or neck irradiation or thyroid prob-
lems, or symptoms such as hoarseness or difficulty swallowing (Gharib 1997;
Belfiore and others 1995; Mazzaferri 1993b). Palpation seeks to detect nodules in
the thyroid, and if they are found, to assess their size, number, firmness, and
adherence to adjacent structures. The size and firmness of nearby lymph nodes
are also checked by palpation. For asymptomatic, average-risk people, routine
screening for thyroid cancer through palpation or ultrasound examination of the
thyroid gland is not recommended (USPSTF 1996).

Ultrasound examination of the thyroid involves noninvasive scanning of the
thyroid gland with a machine that creates images by directing high-frequency
sound—ultrasonic waves—to the gland and using computer algorithms to trans-
late information about sound transmission or reflection (echoes) into two-dimen-
sional images (Tan and others 1995; Ezzat and others 1994; Hsiao and Chang
1994). Ultrasound can detect many small nodules (less than 1 to 1.5 cm) that are
not usually detectable by palpation and that will usually not progress to cause
problems. Little is known about the natural history of these small nodules and the
occasional cancers, including what causes a few of them to progress. Rather than
further tests or therapy, such nodules generally warrant observation (Gharib and
Mazzaferri 1998). Ultrasound examination also can provide additional informa-
tion to further characterize nodules, including whether calcification is present and
whether the nodule is solid or cystic (Watters and Ahuja 1992). Although such
information—in combination with information from physical examination—can
raise or lower the probability that a nodule is cancerous, ultrasound information
is not by itself diagnostic.

6This is a more focused examination of the thyroid than the physical examination of the neck that
physicians may perform as part of a routine physical. The latter examination also includes palpating
cervical nodes, listening for carotid bruits with the stethoscope, checking range of motion in the neck,
feeling vertebral processes, and other elements.
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To determine whether a detected thyroid nodule is benign or malignant, the
current procedure of choice is FNA biopsy (Garcia-Mayor and others 1997;
Gharib 1997; Lin and Huang 1997; Ashcraft and Van Herle 1981). Typically, a
fine gauge needle is inserted into the nodule (or nodules) in several places and a
sample drawn into the needle and an attached syringe. If the nodule is not readily
palpated, the biopsy can be guided by ultrasound, although this technology is not
available everywhere and can lead to the identification of additional, small nod-
ules, few of which are likely to cause problems (Lin and Huang 1997; Taki and
others 1997). Minor localized pain is common during and after the biopsy, and,
rarely, a clinically apparent hematoma can occur at the FNA site (Gharib and
Goellner 1993; Ashcraft and Van Herle 1981).

Following the biopsy, the aspirated material (tissue and blood) is placed on
slides or filtered through mesh and applied to slides, stained with various dyes,
and then microscopically examined. Pathologists evaluate the sample on the slides
and classify the lesion. In addition to positive or negative results, FNA samples
can be categorized as indeterminate or unsatisfactory. For results categorized as
indeterminate, the pathologic features of the cells are ambiguous and cannot be
readily categorized as benign or malignant. Patients with indeterminate biopsies
are usually referred to surgery. Of satisfactory samples, about 10 percent are
likely to be classified as indeterminate.

Unsatisfactory samples provide insufficient or inadequate material for evalu-
ation and often prompt repeated biopsies aimed at securing an adequate sample
for further analysis (LiVolsi 1997). Unsatisfactory FNA samples are obtained
10-15 percent of the time, even in the best-performing centers. The rate of unsat-
isfactory samples depends on the training and skill of the operator (e.g., endocri-
nologist, head-and-neck surgeon, radiologist, family practitioner), the number of
sites sampled, preservation practices, the skill of the pathologist or cytopathol-
ogist, and the size of the nodule being biopsied (Merchant and Thomas 1995;
Haas and Trujilla 1993; Piromalli and Martelli 1992). A screening approach that
led to more FNA biopsies of smaller nodules (<1-1.5 cm) would likely generate
more inadequate samples and, in turn, more repeat biopsies. Although no precise
figures are available and recommendations vary, some patients, perhaps even a
majority, with inadequate FNA samples will be referred for surgery. Addendum
4B considers the implications of indeterminate or unsatisfactory FNA biopsy
results in more depth.

ACCURACY OF SCREENING AND FOLLOW-UP TESTS

Palpation and ultrasound examinations are widely accepted as safe, low-risk
procedures (Gharib 1997; Mazzaferri 1993a; Ashcraft and Van Herle 1981). Con-
cern about their use is not related to the direct risk of the procedures themselves
but to their relative inaccuracy, particularly the probability of their producing
false-positive results or identifying many very small nodules and cancers that are
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not likely to cause harm. Because the likelihood of finding thyroid cancer (pretest
prevalence) is low, even in most populations exposed to iodine-131, the great
majority of positive test results for nodules will be false-positive test results for
cancer when the nodule is biopsied. A detailed review of evidence about the
accuracy of palpation and ultrasound in detecting thyroid nodules and of FNA in
detecting thyroid cancer is presented in the “Screening for Thyroid Cancer” back-
ground paper (Appendix F).

Palpation

The standard for reporting sensitivity in the detection of thyroid nodules is
ultrasound. Because ultrasound cannot definitively discriminate benign from ma-
lignant nodules, the test results in nodule—not cancer—detection. Research has
not compared the accuracy of different approaches to palpation (e.g., whether it is
best done from the patient’s front or back) (Tan and Gharib 1997), but more
experienced examiners are likely to produce more accurate results (Jarlov and
others 1993; Jarlov and others 1991). Accuracy can be affected by the size, con-
sistency, or location of nodules (e.g., on the front or back surface of the thyroid)
and by a patient’s physical characteristics (e.g., length and thickness of the neck).

The sensitivity results from three studies of palpation ranged from 0.10 to
0.31 in detecting nodules identifiable with ultrasound (Table 1 in Appendix F).
The study that reported 0.31 overall sensitivity found sensitivity of 0.45 for de-
tection of nodules larger than 0.5 cm and 0.84 for nodules larger than 1 cm (Ezzat
and others 1994). A study of palpation in a radiation-exposed population reported
sensitivity of 0.89 for detection of nodules larger than 2 cm and 0.83 for those
between 1 and 2 cm (Mettler and Williamson 1992). Other studies of the sensitiv-
ity of palpation for detecting larger nodules gave poorer results. For example, one
study reported sensitivity of only 0.42 for nodules larger than 2 cm (Brander and
others 1992). The U.S. Preventive Services Task Force (USPSTF 1996) reports
specificity levels for nodule detection of 0.93 to 1.0 from three studies that com-
pare palpation with ultrasound.

Ultrasound

Ultrasound examination is the reference standard for nodule detection, so its
sensitivity and specificity for this purpose are not reported. It very commonly
reveals thyroid nodules in people without symptoms who are being examined for
other purposes. For example, four U.S. studies of ultrasound examinations report
nodules in 13 percent (Carroll 1982), 41 percent (Horlocker and Jay 1985), 50
percent (Stark and others 1983), and 67 percent (Ezzat and others 1994) of those
examined. Current ultrasound technology does not allow reliable and accurate
discrimination between cancerous and noncancerous nodules.

When ultrasound results are compared against FNA results for specificity in
detecting cancer (rather than nodules), studies report a high rate of false positives,
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that is, nodules without cancer. In patients examined by ultrasound for hyperpar-
athyroidism, Horlocker and colleagues (Horlocker and Jay 1985) found thyroid
nodules in 41 percent, but cancer was detected in only 2 percent of the 689 pa-
tients referred for surgical neck exploration. The trend of increasing nodule de-
tection with age found by Horlocker and colleagues is fairly close to pathology
findings at autopsy reported in a much earlier study (Mortensen and others 1955).

Fine-Needle Aspiration Biopsy

A recent set of guidelines on cytopathology for FNA specimens from thyroid
nodules described FNA of the thyroid as “principally a triage procedure” to dif-
ferentiate patients who need surgery from those who do not (Papanicolaou 1996).
It noted, however, that “in experienced hands [FNA] may also be diagnostic for
certain thyroid lesions” such as papillary and other carcinomas (p. 710).

The standard for reporting sensitivity and specificity of FNA is findings at
surgery. Although most patients with negative or benign FNA results do not have
surgery (and thus no comparison against this standard is possible), several longi-
tudinal studies of patients with negative test results indicate that such results are
reliable (Tan and Gharib 1997). For pathologists who are experienced at inter-
preting FNA biopsies of thyroid nodules, false-positive rates of 3 percent and
false-negative rates of 2 percent have been reported (Gharib and Goellner 1993;
Hall and others 1989; Boey and others 1986). As shown in Table 2a and 2b in
Appendix F, however, sensitivity and specificity rates can vary depending on
how analyses treat unsatisfactory or indeterminate FNA results. (See Addendum
4B for further discussion of different interpretations of indeterminate and unsatis-
factory samples.) Not only will many patients referred for FNA turn out not to
have thyroid cancer, but many will likely be referred for surgical resection of the
thyroid because of unsatisfactory or indeterminate results.

BENEFITS AND HARMS OF SCREENING FOR THYROID CANCER

General Considerations

Most discussions of cancer screening emphasize potential benefits, but po-
tential harms also must be considered and weighed. The primary benefit sought
from screening is early detection of asymptomatic disease and treatment at a
stage that permits improved outcomes including extended life (not just a longer
period with a diagnosis), reduced morbidity, and better quality of life. Those
whose screening results are negative (no disease detected) may feel comforted,
particularly if they view themselves as being at special risk of the disease.7 Even

7For breast cancer screening, Ransohoff and Harris (1997) have suggested that this reassurance
may be out of proportion to a change in probabilities of cancer before and after a negative screening
result. They suggest more reassurance might derive from a better understanding of actual risk.
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when early detection of a disease is not matched by effective treatment (e.g., as is
now true for some genetic screens), some people might believe themselves better
off with an early diagnosis because they could plan more realistically for the
future. More generally, a screening program for a problem linked to past govern-
ment actions may be viewed as a government admission of responsibility for
harm, which may provide a psychological and financial benefit (in the form of
compensation) for those who believe themselves harmed.

The potential harms of cancer screening as experienced and perceived by
patients are not necessarily well defined or understood. For those who have false-
positive screening results (i.e., no cancer is actually present), the harms can in-
clude anxiety, inconvenience, and physical discomfort attendant to follow-up
diagnostic testing; unnecessary surgery or other treatment—and associated mor-
bidity or mortality—either initially or when a follow-up diagnostic test is inaccu-
rate or indeterminate; and self-labeling or external labeling (e.g., by insurers,
employers, family) of a person as high risk or vulnerable. Even those with true-
positive results can suffer if early detection and treatment do not affect outcomes.
If they have a nonprogressing cancer, they may experience needless anxiety and
treatment, and even if their cancer progresses, they may experience a longer pe-
riod of anxiety about their condition or endure more years of treatment and ad-
verse treatment-related side effects without any better outcomes than if they had
not been screened. Those who have false-negative screening results can subse-
quently be less alert to early symptoms of disease and could delay seeking care.

As far as the committee is aware, there are very few studies of patient per-
ceptions of quality of life for health states associated with different outcomes of
screening, diagnosis, or treatment for specific cancers. It is possible that experts
who assess screening tests either over- or underestimate the benefits and harms as
perceived by patients who consider and undergo screening—especially patients
who see themselves as being at higher risk of a disease. Some research suggests
that the public may have a high tolerance for false-positives (Schwartz and
Woloshin 1998). This research also suggests that people may be unaware that
screening may identify many cancers that will not progress even without treat-
ment and that people want to be informed and to factor this information into their
decisionmaking process.

Evidence of Benefits from Early Detection through
Thyroid Cancer Screening

A major difficulty faced by the committee in considering its recommenda-
tions on screening for thyroid cancer was the absence of sound clinical research
evaluating whether early detection of the disease through screening of asymp-
tomatic people provides benefits in the form of longer life, reduced morbidity, or
improved quality of life and whether such benefits outweigh any harms generated
by screening. Rigorous prospective, randomized clinical studies of screening ben-
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efits are generally complicated, expensive, and time consuming. Ideally, they
would randomly assign asymptomatic individuals to be screened or not screened
and then track subsequent survival or other outcomes. No such studies of thyroid
cancer screening have been published.

Thyroid cancer screening is a difficult subject for rigorous clinical research
because the disease is uncommon, progresses slowly, and is rarely fatal. Because
any change in survival would likely be quite small and not seen for many years, a
clinical trial of screening would have to be both very large and very long. Indeed,
by the time a trial was completed, the question of screening probably would be
irrelevant for the population that is the focus of this report.

These same characteristics—along with the relative inaccuracy of the screen-
ing tests—make it unlikely that screening an asymptomatic population could im-
prove already high survival rates. Screening test inaccuracy does, however, mean
that a screening policy would produce many false-positive results (detection of
noncancerous nodules), which would result in more surgical procedures than
would occur absent a screening program.

The committee’s review of the literature produced no randomized trials or
case-control studies of thyroid cancer screening. It found only one study (Ishida
and others 1988) that attempted any comparison of survival in screened and
unscreened groups. That study compared Japanese women who participated in a
mass screening program for breast and thyroid cancer with women who were
being treated and followed for thyroid cancer in an outpatient clinic. The authors
conclude that mass screening for thyroid cancer was useful because women who
were screened were found to have disease that was in earlier stages than that
found in the outpatient treatment group and that the screened group had a better
7-year survival rate (98 percent versus 90 percent).

Unfortunately, this study has such critical design flaws that it cannot provide
a sound basis for a screening recommendation. First, the study is vulnerable to
the problem of lead-time bias. Lead-time bias occurs when a screening program
simply produces an earlier diagnosis and lengthens the measured period of sur-
vival after diagnosis without actually affecting true survival.

Second, people who volunteer for screening are often healthier and at lower
risk than are those who do not. Compared with nonvolunteers, they would likely
do better with or without screening.

Third, in this study, the screened group and the outpatient group differed in
the kinds and prognosis of cancers detected, a common problem that is known as
length bias. For the screened group, 99.5 percent of cancers detected were those
with favorable prognosis (87.5 percent papillary, 12 percent follicular, 0 percent
undifferentiated cancers). In contrast, among the cancer outpatients, 70 percent
had papillary cancer, 25 percent had follicular cancer, and 4 percent had more
lethal undifferentiated thyroid cancer. Seven of the 9 patients with the diagnosis
of lethal undifferentiated cancer died within 5 months of the diagnosis. Thus, the
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screened group would be expected to have higher survival rates because of more
favorable tissue type alone.

Other research cited in support of thyroid cancer screening includes two stud-
ies that focus on higher risk people—those with a history of therapeutic head and
neck irradiation (Schneider and others 1985; Shimaoka and Bakri 1982). These
studies report more nodules and cancers than found in the general population. A
recent follow-up report on one of the study populations (a group irradiated be-
tween 1939 and 1962) concludes that nodules continue to occur in the irradiated
group, but it also cautions that “thyroid ultrasound is so sensitive that great cau-
tion is needed in interpreting the results” (Schneider and others 1997).

Although it did not examine screening or screening benefits, another study
(Mazzaferri and Jhiang 1994) suggests that once a thyroid cancer is manifested,
delay in treatment lowers the survival rate. This study assessed a cohort of 1,355
patients with papillary or follicular cancer; the group was followed for about 25
years. Information was collected from patient records on when the patient or
doctor first noticed a thyroid nodule and how long it took until surgery was un-
dertaken. In some cases it took many years. The median time from the first re-
corded tumor manifestation to initial therapy was 4 months (range, <1 month to
20 years). The patients who died of cancer had a median delay of 18 months from
the time a tumor was first clinically recognized (by palpation) compared with 4
months for those who survived (p < 0.0001, by Wilcoxon rank sum). Cancer
mortality was 4 percent in patients who underwent initial therapy within a year
compared with 10 percent in the others. Thirty-year cancer-specific mortality
rates were 6 percent and 13 percent in the two groups, respectively. The reasons
for the treatment delays are not clear and may have been related to diagnostic
errors. The authors do not recommend screening for thyroid cancer but do argue
for prompt assessment for larger nodules (1.5 cm or larger) and prompt treatment
for those diagnosed as malignant.

Table 4.1 summarizes the committee’s assessment of probabilities relevant
to a screening program based on palpation and some of the consequences of such
a program. It does not include probabilities or effects for thyroid cancer mortality
and morbidity for lack of supporting data.

INFORMATION AND DECISIONMAKING

Explaining Potential Benefits and Harms to Patients

Whenever the issue of explaining screening risks and benefits arises, recom-
mendations about screening strategies need to consider people’s comprehension
of information and explanations. Public health personnel and clinicians often rely
on written materials to explain the pros and cons of screening, but literacy, more
broadly, reading comprehension, limits the effectiveness of such materials. Lan-
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TABLE 4.1 Summary of Evidence for Screening by Palpation for Nodules
>1.5 cm

Probability of having a nodule (all age groups)
Any size 0.35
<0.5 cm 0.13
0.5-0.9 cm 0.10
1.0-1.4 cm 0.07
1.5 cm or larger 0.05

Probability given a nodule that cancer is present
Nodules smaller than 1.5 cm 0.03
Nodules 1.5 cm or larger 0.10

Probability of having cancer
All sizes 0.0140
<0.5 cm 0.0039
0.5-0.9 cm 0.0030
1.0-1.4 cm 0.0021
1.5 cm or larger 0.0050

Sensitivity of palpation for nodules
<1.0 cm 0.00
1.0-1.4 cm 0.55
1.5 cm or larger 0.75

Specificity of palpation for nodules 0.95
Fine needle aspiration (FNA)

Sensitivity for cancer 0.80
False positive rate including indeterminate and unsatisfactory samples with no cancer 0.25

Complications of total thyroidectomy
Recurrent laryngeal nerve injury 0.030
Hypoparathyroidism 0.026

Summary: Events per 10,000 patients screened
Diagnosed to have nodules (true positives) 760
Falsely diagnosed to have nodule (false positive) 325
Undergo at least one FNA 1085
Undergo at least one FNA and have cancer 49
Undergo at least one FNA but do not have cancer 1036
Undergo lobectomy after true and false positive FNA 402
Cancers diagnosed

Any size 39
<0.5 cm 0
0.5-0.9 cm 0
1.0-1.4 cm 9
1.5 cm or larger 30

Cancers missed
Any size 101
<0.5 cm 39
0.5-0.9 cm 30
1.0-1.4 cm 12
1.5 cm or larger 20

Surgical complications 23

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


102 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

guage and comprehension problems also limit the effectiveness of oral communi-
cation. For both written and oral communication about the benefits and harms of
screening, “numeracy” (a patient’s ability to correctly interpret numerical infor-
mation) is a particular concern.

Directly relevant research on numeracy and communication is limited. One
recent study of women’s interpretations of information about screening mam-
mography concluded that “both accuracy in applying risk reduction information
and numeracy were poor (one third of respondents thought that 1,000 flips of a
fair coin would result in less than 300 heads)” (Schwartz and others 1997).

The same study concluded that the way information was framed was impor-
tant for accurate understanding. Particularly important is information about
baseline risk that allows people to look at information on screening outcomes in
terms of change from baseline rather than in a vacuum. The study found best
results when information was presented in terms of absolute risk compared to
baseline (e.g., “reduction in risk to 4 in 1,000 with screening from 12 in 1,000
without screening”). Other research indicates that people find frequency informa-
tion (“4 in 1,000”) more understandable than probabilities (“0.4 percent”) (Gig-
erenzer 1996). In addition, people tend to find a treatment more attractive when
risk is expressed in terms of gain (“90 percent of patients with this treatment
survive”) rather than loss (“10 percent die”) (Hux and Naylor 1995; Mazur and
Hickam 1990b; O’Connor 1989; McNeil and others 1982). Choices about graphic
displays of information likewise can affect assessments of benefits and risks
(Sandman and others 1994; Mazur and Hickam 1990a; Huff 1954). Continued
assessment of alternative graphic formats is important, particularly for people of
limited numeracy.

Ransohoff and Harris (1997) suggest that the way mammography screening
for breast cancer in younger women has been debated may reflect how numerical
information is framed and perceived. For example, advocates for screening might
describe 16-18 percent reductions in relative risk for death, whereas skeptics
might refer to 1-2 fewer deaths per 1,000 women who have been screened annu-
ally for 10 years. Berry (cited in Ransohoff and Harris) has observed that the
benefit sounds slight when it is expressed as an average of 3 days of life gained
for women screened in their 40s, whereas the benefit sounds large when described
as extending the lives of 800 American women in their 40s. The problems of
presenting information appropriately and informing people adequately about risks
and benefits are compounded because there is little direct evidence about the
consequences of different strategies under different circumstances, and estimates
of benefits and risks have been derived from indirect evidence of uncertain rel-
evance.

Evidence, Decisionmaking, and Patient Preferences

Assessing the balance of benefits and harms of an intervention generally
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involves objective and subjective elements alike. The objective component in-
volves the probabilities and magnitudes of potential benefits and harms, which
can be evaluated through clinical or epidemiologic research. The choice of
whether the benefits outweigh the harms is a personal, subjective judgment about
the relative importance of potential outcomes based on individual preferences,
life plans, and priorities. For example, when carefully informed about the prob-
abilities and nature of outcomes of different clinical management strategies for
localized prostate cancer, some patients will prefer not to undergo surgery, which
carries some risk of incontinence or impotence; others faced with the same infor-
mation will prefer surgery (Flood and others 1996; Beck and others 1994; Litwin
1994).8

The ways of considering patient preferences and involving patients in
decisionmaking range from what might be generally characterized as, simply,
good communication to formal shared decisionmaking. The latter involves a struc-
tured process in which the clinician does not uniformly encourage or discourage
a treatment but instead presents the patient with the available options, reviews the
potential benefits and harms associated with each, discusses the probability and
magnitude of those outcomes and the quality of the evidence on which the esti-
mates are based, helps the patient evaluate the potential importance of those out-
comes in his or her life, assesses patient comprehension of the information and
options discussed, and, if necessary, provides information again in ways the pa-
tient can understand (Morgan and others 1997; Woolf 1997; Kaspar and others
1992). The choice preferred by the patient is prescribed. The physician’s prefer-
ence or recommendation is offered if the patient inquires.

When the evidence of screening benefits or harms is limited or weak, when
patient perceptions of benefits and harms are variable or not well understood, or
when patient preferences about outcomes are crucial to good decisionmaking,
then the strong involvement of the patient in a process of shared decisionmaking
or collaboration between clinician and patient becomes particularly important
(Morgan and others 1997; Ransohoff and Harris 1997; Woolf 1997; Flood and
others 1996; Barry and others 1995; Emanuel and Emanuel 1992; Kasper and
others 1992). In decision theory, the most important factor in choosing a course
of action for such “close call” situations can be the patient’s views about possible
benefits and harms (Pauker and Kassirer 1997; Kassirer and Pauker 1981).

As a structured and tested process, formal shared decisionmaking is still

8Physicians sometimes have troubling misperceptions about their patients’ values and preferences.
For example, Leard and others (1997) gave 100 patients structured information about the benefits and
harms of four screening tests for colorectal cancer. When asked which they would prefer, 38 patients
chose colonoscopy, 31 chose fecal occult blood testing, 14 selected barium enema, and 13 chose
sigmoidoscopy. For this group of patients, a physician who always recommended sigmoidoscopy (as
some do) rather than asking these patients their preferences would subject fully over 8 out of 10 to a
test other than the one they would prefer if they had been properly informed about their options.
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evolving, and the effectiveness and feasibility of specific methods or techniques
(e.g., computer programs, videotapes, printed materials, and formats for present-
ing quantitative information) for informing and deciding are still being evaluated.
A formal process of shared decisionmaking is neither necessary nor appropriate
in every clinical circumstance. In some medical emergencies, for example, it is
not feasible. Moreover, clinicians’ time with patients and patients’ capacity to
absorb health messages are finite, and time spent providing information about
services of little or no demonstrated benefit could be time taken away from care
or counseling with greater potential health benefit. Finally, many patients want a
specific recommendation from their physician more than they want to play an
active part in making decisions (Nease and Brooks 1995; Ende and others 1989).
Still, even when formal shared decisionmaking is not appropriate and when a
clinician actively encourages or discourages a particular choice, the clinician is
obliged to provide a patient with information about benefits and harms and to
listen to and address the patient’s concerns.

RECOMMENDATIONS OF OTHERS

In addition to commissioning the literature review included in Appendix F,
the committee investigated screening guidelines developed by others (Turkelson
and Mitchell 1998). The review searched for screening guidelines for the general
public and for people exposed to radiation. The number of thyroid-cancer guide-
lines located is fairly small, which is not surprising given the low prevalence and
mortality of the disease.9

The U.S. Preventive Services Task Force guidelines (USPSTF 1996) recom-
mend against screening for asymptomatic adults or children using either palpa-
tion or ultrasound. They characterize the evidence for this negative recommenda-
tion as fair. For asymptomatic persons exposed to upper-body radiation in infancy
or childhood, they state that “recommendations for periodic palpation of the thy-
roid gland in such persons may be made on other grounds, including patient pref-
erence or anxiety regarding their increased risk of thyroid cancer” (USPSTF
1996). They grade this as a “C” or weak recommendation, which is defined to
mean that the evidence is “poor” but that recommendations could still be made on
other grounds, such as potential benefit being great and potential harm being
minimal. Citing the lack of evidence, the Canadian Task Force on the Periodic

9The committee did not consider research protocols to constitute screening recommendations. For
example, in research to investigate the effects of radioactive releases from the Hanford Nuclear Facil-
ity, protocols for examining exposed individuals for thyroid nodules and other conditions have been
developed for the Hanford Thyroid Diseases Study (www.fhcrc.org/science/phs/htds) being conducted
by the Fred Hutchinson Cancer Research Center. Such research, of course, could clarify the risks of
exposure to I-131 or the outcomes of screening.
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Health Examination (CTFPHE 1994) declined to make any recommendations on
general or targeted screening.

The American Cancer Society (ACS 1998b) recommends thyroid palpation
as part of a routine health check-up, every 3 years for those under 40 and every
year thereafter. No scientific literature is cited in support of the recommendation.

A press release from the American Thyroid Association (ATA 1997) after
publication of the NCI (1997a) report suggests that “people who feel that they
have been exposed to significant amounts of fallout and feel that they are at par-
ticular risk might wish to see their physician for a neck examination” (p. 1). The
American Association of Clinical Endocrinologists (AACE 1997b) recommends
self-examination (“thyroid neck check”) for thyroid nodules. It cites high preva-
lence of thyroid cancer as a rationale (but does not document or explain this
assertion, which is not consistent with evidence cited here) but notes the disease’s
low mortality. It does not cite scientific evidence of efficacy or effectiveness.

The most direct recommendation for thyroid cancer screening in persons ex-
posed to I-131 has been proposed (under the label “medical monitoring”) by the
Agency for Toxic Substances and Disease Registry (ATSDR 1997).10 ATSDR
recommends screening for an estimated 14,000 people, most of whom live in a
limited geographic area in Washington State around the Hanford Nuclear Reser-
vation. That group is considered to be at risk of thyroid cancer and other thyroid
disease from childhood exposure (estimated at 0.1 Gy  [10 rad] and above) to I-
131 releases from Hanford between 1945 and 1951. Medical monitoring is de-
fined as “periodic medical testing to screen people at significant increased risk of
disease” (ATSDR 1997) The protocol recommends palpation and blood tests for
most of those screened, with follow-up visits and possibly FNA biopsy or ultra-
sound examination for people with detected nodules 1 cm or larger. For a higher
exposure subpopulation (0.25 Gy or higher), it recommends that ultrasound be
“offered” at the initial visit (p. 37). In making its recommendation for medical
monitoring, ATSDR states “the evidence supports benefits associated with thy-
roid screening for populations exposed to radiation” (p. 63). In particular, as evi-
dence of the survival benefits of early detection, it cites the study of Ishida and
others (1988), which was critiqued earlier in this chapter. In response to critiques

10ATSDR is responsible, under section 104(i)(10) of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (commonly called the Superfund act), for initiating health
surveillance programs for “populations at significant increased risk of adverse health effects as a
result of exposure to hazardous substances.” A major goal of ATSDR is to expand the knowledge
base about such effects, but the medical-monitoring program is not designed as a research program
(e.g., participants would be self-selected). ATSDR’s very preliminary estimate of first-year costs for
its recommended program was $9.5 million for 14,000 eligible people (0.1 Gy or more exposure in
childhood) with an assumed participation rate of 100 percent spread evenly across the first 2 years.
That amounts to about $680 per eligible person, exclusive of treatment costs for those referred for
surgery and any direct (e.g., transportation) or indirect (e.g., lost work time) costs incurred by those
being screened.

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


106 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

from reviewers of a draft of its report, ATSDR stated that the Japanese study
provided “important evidence that screening results in improved survival” (p.
113).

This committee paid careful attention to the ATSDR analysis and recom-
mendation because it involves a population historically exposed to varying levels
of I-131. This committee did not agree with ATSDR that systematic thyroid
screening should be recommended for asymptomatic people whether or not they
had exposure to I-131. In particular, this committee concluded that research did
not support systematic screening and that the Ishida study cited by ATSDR was
seriously flawed and did not provide valid, usable evidence of benefit. DHHS
will need to establish some process for managing or resolving this conflict. If
political pressure prompts DHHS to decide to recommend or encourage screen-
ing, it should make clear that scientific evidence does not support the recommen-
dation.

In addition to considering specific recommendations about thyroid cancer
screening from other groups, the committee also examined the approach to screen-
ing taken by one large managed-care organization, Group Health Cooperative
(GHC, formerly Group Health Cooperative of Puget Sound, now part of Kaiser/
Group Health) (Thompson 1996). GHC’s preventive services program, which
actively promotes preventive services of demonstrated value, does not explicitly
include thyroid cancer screening. However, it is relevant here to examine the
program’s approach to other tests and conditions for which evidence to support
screening is insufficient. In information for patients and clinicians, the organiza-
tion will state when there is insufficient evidence to support routine screening for
a problem. Rather than preclude screening, GHC may recommend shared patient-
clinician decisionmaking about screening. In addition, GHC also may employ
various means (including an educational program that uses opinion leaders, on-
line guidelines, and supporting documentation and references) to inform its clini-
cians about the evidence on test accuracy and on the lack of research showing
benefit from early detection through screening.

COMMITTEE FINDINGS AND RECOMMENDATIONS

Findings

When evaluated against the criteria for screening recommendations set forth
earlier in this chapter, the evidence reviewed by the committee does not support a
clinical recommendation for routine screening for thyroid cancer in asymptom-
atic persons exposed to radioactive iodine from nuclear weapons testing at the
Nevada Test Site.

First, thyroid cancer is rare in the general population. By age 95, it is esti-
mated that about 1 in 400 men and 1 in 150 women might be diagnosed with
some form of thyroid cancer. In contrast, about 1 in 8 women might be diagnosed
with breast cancer and 1 in 5 men with prostate cancer.
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Second, exposure to I-131 in childhood does appear to increase the risk of
thyroid cancer. Exposure to 0.1 Gy (10 rad) of I-131 at the age of less than 1 year
has been estimated to yield a lifetime risk of thyroid cancer of about 1 in 240 for
men and 1 in 90 for women.

Third, for most people, there will not be enough information to identify accu-
rately the level of exposure to I-131 from the Nevada nuclear tests.

Fourth, papillary thyroid cancer, the most common form of naturally occur-
ring thyroid cancer and the form linked to radiation exposures, can be effectively
treated surgically and has a high survival rate, regardless of cause, when detected
by routine clinical practice without screening. The 10-year cancer-specific sur-
vival rate for persons with papillary carcinoma is estimated at 95 percent and the
30-year survival rate is estimated at 90 percent.

Fifth, there is no evidence that early detection of thyroid cancer through
systematic screening (rather than through routine clinical care) improves health
outcomes or has benefits that outweigh harms. It is still possible—given the lack
of directly relevant research—that early detection through routine screening might
offer some net benefit.

Sixth, routine screening for thyroid cancer by palpation and, especially, by
ultrasound will identify many nodules, most of which will not be malignant.

Seventh, FNA biopsies will find cancer in a few nodules, will not find cancer
in most nodules, and will yield a significant proportion of indeterminate or un-
satisfactory samples (20 to 30 percent or more) that may lead to unnecessary
surgery for many people who do not have thyroid cancer or who have very small
cancers that would never progress to cause health problems.

Overall, the committee found that routine screening for thyroid cancer does
not meet the criteria set forth earlier in this chapter (Figure 4.1) related to preva-
lence, accuracy of screening tests, or evidence of improved survival or benefits
that exceed harms.

Recommendations

Public Health and Clinical Policies

The committee recommends against public programs and clinical poli-
cies to promote or encourage routine screening for thyroid cancer in asymp-
tomatic people possibly exposed to radioactive iodine from fallout as a conse-
quence of the nuclear tests in Nevada during the 1950s.

The lack of evidence that early detection of thyroid cancer through routine
screening of asymptomatic persons improves health precludes a positive recom-
mendation to screen people routinely for a disease characterized by slow progres-
sion, high survival rates without screening, and high rates of false-positive test
results that can lead to unnecessary surgery and other harms, including some,
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such as anxiety and insurability problems, that are not well understood. The
committee’s recommendation is counter to ATSDR’s recommendation in favor
of medical monitoring for a subset of people exposed to releases of radioactive
iodine from the Hanford Nuclear Reservation in Washington State in the 1940s.
The committee recognizes that conflicting policy recommendations can be con-
fusing to the public and distressing to some, but it firmly believes that the scien-
tific evidence supports its position. DHHS will obviously require some process
for managing or resolving this conflict.

It is appropriate for a clinician who sees a concerned patient to discuss
that patient’s concerns and history and decide jointly about screening.

Given popular fears of cancer and concern about radiation, the often modest
reach of public information programs, and conflicting recommendations from
other groups, clinicians will likely see some patients who express concern about
possible exposure to radioactive fallout and who request screening for thyroid
cancer.11 Although the committee recommends against policies that encourage or
promote routine screening, it is essential that clinicians respond sensitively and
constructively to concerned patients who come to them seeking advice. Such a
response will involve listening to the patients’ concerns; discussing their possible
exposure to iodine-131 and other risk factors for thyroid cancer; explaining that
thyroid cancer is uncommon even in people with some exposure to I-131 and that
the thyroid cancer linked to I-131 exposure is rarely life threatening; describing
the process, benefits, and harms of screening and the lack of evidence showing
that people are better off with it than without it; checking patient understanding
of the information presented; and jointly deciding how to proceed. If a nodule is
palpated, FNA biopsy would normally be proposed, again with a discussion of
what is known about its accuracy, benefits, and harms and about the patient’s
prospects without further testing.

Once the committee concluded that it could not recommend a routine pro-
gram of screening, three points led the committee away from an explicit recom-
mendation that physicians forego screening and toward the recommendation for
patient-physician discussion and decisionmaking. The committee’s recommen-
dation that patients and physicians share in decisionmaking about thyroid cancer
screening rests on several points. First, the evidence of the effects of systematic
screening is not negative; it is absent. Neither positive nor negative effects have
been documented from soundly designed clinical research. Second, understand-

11Such testing is not screening in conventional public health terms, which usually assume that “the
initiative for screening . . . comes from the investigator or agency providing care rather than from a
patient” (Last’s Dictionary of Epidemiology, 1988, pp. 118-119). However, because such testing
makes use of the same procedures and because one goal of individuals who request the tests is early
detection of disease, the committee decided to continue to use the term “screening” to describe testing
requested by patients.
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ing of the benefits and harms of screening as perceived by patients—especially
those at higher risk—is quite limited, although some committee members believe
the potential harms exceeded the potential benefits. Certainly, the committee
heard about the anxieties of those who had become aware of their possible expo-
sure to I-131 from the Hanford facility and who were concerned about additional
exposure from the Nevada tests. Third, small nodules (<l.5 cm) are much less
likely to be detected by palpation than by ultrasound. Because small nodules
seldom cause health problems, palpation has less potential than ultrasound to
cause harm (in the form of unnecessary follow-up tests and surgery), which is
important when the benefits of routinely screening asymptomatic people are un-
certain (Sox 1998).

The communication and decision strategy described above is less formal than
some strategies of shared decisionmaking described earlier in this chapter. The
rationale is primarily practical. In the committee’s view, it is feasible and desir-
able to listen to a patient’s concerns about possible radiation exposure and its
consequences and to discuss possible benefits and harms of different courses of
care. It is less feasible for a clinician faced with a concerned patient to postpone a
safe, noninvasive, personal examination while the patient reads a brochure, views
a videotape, or otherwise is involved in a structured education and decisionmaking
process. (If ATSDR proceeds with its medical monitoring program, it might none-
theless consider testing more and less formal ways of discussing benefits and
harms with patients and reaching decisions about screening.) In addition to these
practical considerations, a number of committee members also believed that for-
mal shared decisionmaking is most appropriate for certain kinds of “close call”
situations as explained above and that thyroid cancer screening does not qualify
as such a situation.

Few physicians outside areas where radiation risk has been a prominent issue
locally will be prepared to discuss radiation exposure and cancer risk. They will
need easy access to information that will prepare them to counsel concerned
patients. A sample information sheet for physicians is presented later in this
chapter.

For asymptomatic patients concerned about exposure to I-131 and thy-
roid cancer, the committee recommends against using ultrasound examina-
tion for screening either initially or following a negative result from palpa-
tion.

The committee’s recommendation against screening by ultrasound examina-
tion for patients who come to their physicians concerned about I-131 exposure is
based on the points noted earlier, in particular, the lack of evidence of screening
benefit and the probability that ultrasound will reveal many small nodules that are
unlikely to cause harm. It was also based on the additional point that if no nodule
is detected by palpation, the likelihood is substantially diminished that an ultra-
sound will identify a nodule with microcancers that are unlikely to progress to
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cause problems. The magnitude of this effect can be calculated by applying Bayes’
rules (see Addendum 4A) (Pauker and Kopelman 1992; Pauker and Kassirer
1987). Table 4.2 illustrates the effect based on assumptions that the prevalence of
nodules of 1.5 cm and larger is about 5 percent, that the sensitivity of physical
examination in identifying nodules of this size is 75 percent (meaning that the
chance of no such nodule being found when one is actually present is about 25
percent), and that the specificity of the exam is 95 percent (meaning that the
chance of a clinician falsely feeling such a nodule when none exists is 5 percent).
Application of Bayes’ rules, as shown below, reveals that the likelihood of a
nodule—given that none was palpated—is now less than 1.4 percent rather than 5
percent. The likelihood of no nodule of this size—given that none was palpated—
is 98 percent rather than 95 percent. If 10 percent of nodules of this size are
cancerous and if no nodule is detected through palpation, then the likelihood of a
cancerous nodule larger than 1.5 cm is 0.137 percent (0.10 × 0.0137) meaning
one such cancer would be detected for every 730 people screened by ultrasound
after a negative physical examination. (Because clinical studies give varying esti-
mates of the variables used in the table and because experts may disagree on the
appropriate assumptions, the table can be recalculated using other numbers to see
how probabilities change. See also the addendum to this chapter.)

Information and Communication

The committee recommends that DHHS develop a program of informa-
tion and education for the concerned public and clinicians that builds on the
analyses, conclusions, and information approaches described in this chapter
and the experience the Department and others have gained in developing
similar informational materials.

Patient and Public Information Although screening programs—whether or
not they are supported by scientific evidence—can be a popular response to con-

TABLE 4.2 Bayesian Analysis of Screening of Nodules ≥1.5 cm by Palpation

Test conditions for nodule detection:
Sensitivity of test, 75%
Specificity of test, 95%

Prior Probability Revised
Probability of Negative Product of Probability

Patient Status of a Nodule Exam Probabilities of a Nodule

Nodule 1.5 cm or larger 5% 25% 125 1.37%
No nodule 1.5 cm 95% 95% 9,025 98.63%

∑ = 9,150
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cerns about cancer risk, the U. S. Department of Health and Human Services
(DHHS) will best serve the public by declining to promote routine screening for
those exposed to I-131 from the Nevada tests. The NCI has provided written and
electronic information about its report and possible health problems, but this in-
formation should be reevaluated, refined, and expanded based on experience
gained in the last year and on the experience of others in communicating similar
kinds of information. Others with relevant experience in communicating about
radiation risk include the Centers for Disease Control and Prevention, the Hanford
Health Information Network, and the Hanford Thyroid Disease Study. Although
managed care organizations are unlikely to have much experience with commu-
nicating about radiation risk, organizations such as Group Health Cooperative
and Stanford’s Center for Patient Preferences may have useful insights about
developing effective public information about screening tests. Chapter 5 discusses
the importance of early public involvement in developing such an information
and communication program.

Also as discussed in the next chapter, the Department’s information program
should include several kinds of materials including brochures or the equivalent
that clinicians, public health departments, managed care plans, and others could
give to concerned individuals. Such materials should explain basic facts about the
Nevada tests, I-131 and thyroid cancer (including symptoms) and provide general
education about screening tests, including explanations of such concepts as false-
positive and false-negative test results and their consequences. An Internet site is
useful but should not be relied on to the near-exclusion of other kinds of informa-
tion.

Particularly in materials designed for patients and the public, the limited re-
search on the communication of information about health risks and benefits sug-
gests that the risk of thyroid cancer related to exposure to I-131 from nuclear-
bomb testing should be described in both quantitative and qualitative terms. The
quantitative information for patients should include an estimate of baseline risk
and should be expressed as frequencies (rather than probabilities) and in absolute
rather than relative terms. Although some information should be written specifi-
cally for the lay public, it should include clear links to more extensive informa-
tion aimed at clinicians. Box 4.1 presents a sample information page for physi-
cians to provide patients. It is constructed to be consistent with the limited research
cited in this report.

Information materials developed by NCI should be tested to assess whether
likely audiences interpret the materials accurately. Professional groups and health
care organizations may also want to develop and test both written information
and sample scripts to guide face-to-face discussions between clinicians and pa-
tients. It is particularly important for such patient information to accompany any
materials that provide people with a method or model for calculating their expo-
sure to I-131 (e.g., like the method presented on the NCI Web site). Whatever
information NCI develops, it should also be tested with advocacy groups and

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


112 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

BOX 4.1
Sample Information about Thyroid Cancer,

Iodine-131, and Screening

Thyroid cancer is rare and usually not life-threatening. Approximately
one-third to one-half of Americans between 40 and 60 have small lumps
or nodules in their thyroid glands, most of which are too small to be felt.
Possibly 10 to 15 percent of people in this age group will have nodules
that contain tiny cancers, most of which grow very slowly and will not
progress to cause problems. For the most common kind of thyroid can-
cer, papillary cancer, about 99 out of 100 people with this diagnosis will
be alive 5 years after diagnosis and about 90 of 100 will be alive 30 years
later.

Nuclear weapons tests in Nevada in the 1950s and 1960s exposed
many Americans to small doses of radioactive iodine. Although radioac-
tive iodine sometimes causes papillary thyroid cancer, the risk of thyroid
problems for most potentially exposed people is still small. From birth to
death, an average American woman has about 1 chance in 150 of being
diagnosed with thyroid cancer without exposure to radioactive iodine and
about 1 chance in 90 following exposure as a child under one year of
age. For the average man, the probability of developing thyroid cancer is
about 1 in 400 without exposure and 1 in 250 with exposure. Regardless
of how they got thyroid cancer, most people will not die from the disease.

It is usually not possible to identify accurately how much radiation
someone received from the Nevada weapons tests. For this and other
reasons, it is also difficult to estimate how likely it is that a particular
person will develop radiation related thyroid cancer. In general, people
are more at risk if they were under the age of 10 years and also drank
milk (especially milk from “backyard” cows and goats) in the years 1951-
1962.

Routine screening for thyroid cancer or other thyroid disease in people
who are unaware of any problems (e.g., a lump they can see or feel) is
not recommended, whether or not people have been exposed to I-131.
This is because the available tests are often inaccurate and can lead to
unnecessary testing and treatment and because screening has not been
shown to improve health outcomes. People concerned about thyroid can-
cer should make a decision about screening in consultation with their
doctor following discussion about the accuracy of the screening tests, the
possible benefits and harms of screening, and the lack of evidence that
thyroid cancer screening saves lives.
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with representative people in areas where information related to the NCI report
was covered in the news media.

Information for Physicians For a decision about screening to be an informed
one, clinicians will need to explain carefully the possible benefits and harms of
screening for thyroid cancer. Although educational materials for physicians and
materials for them to give their patients can help prepare physicians for discus-
sions with patients, actual discussions between patient and physician cannot be
governed by a single script but will need to be adapted to some degree to the
characteristics and needs of specific patients. What is suitable for a high school
physics teacher will likely differ from what is helpful for someone with less than
a high school education. In any case, it is appropriate for clinicians to check
patient comprehension of oral information and instructions.

In addition to patient and public information, NCI should provide informa-
tion explicitly designed for clinicians. Except in some areas in the West, most
clinicians probably have not seen and would not now expect to see patients con-
cerned about I-131 exposure and cancer risk. This may change as a result of news
coverage surrounding publication of this report. Clear, easily available informa-
tion from NCI could be particularly helpful to busy, relatively uninformed physi-
cians facing new inquiries about I-131 and thyroid cancer.

Although the National Cancer Institute Web site already includes informa-
tion about its report on I-131 fallout and about thyroid cancer, it does not have
information directed explicitly to physicians. When NCI reviews its Internet strat-
egy, information for physicians should be one priority. A sample information
sheet for physicians might read as follows:

IODINE-131 AND THYROID CANCER INFORMATION
FOR PHYSICIANS [SAMPLE]

News coverage about thyroid cancer and fallout from the 1950s nuclear tests
in Nevada may prompt people concerned about possible radiation exposure to
seek advice from physicians. The points below briefly summarize information
that may help physicians counsel their patients. Additional information is avail-
able from the report of the National Cancer Institute, “Estimated Exposures and
Thyroid Doses Received by the American People from Iodine-131 in Fallout
Following Nevada Atmospheric Nuclear Bomb Tests” (NIH Pub. No. 97-4264,
1997), the Institute of Medicine/National Research Council report “Exposure of
the American People to Iodine-131 From Nevada Nuclear-Bomb Tests: Review
of the National Cancer Institute Report and Public Health Implications,” and
several Web pages at the National Cancer Institute site (http://rex.nci.nih.gov).

In brief:

• The risk of thyroid cancer may be higher than average in people with child-
hood exposure to iodine-131 (I-131) fallout from nuclear weapons testing in
Nevada from 1951 to 1962. For most of this group, the risk of developing thy-
roid cancer is still small—from birth to death, less than 1 chance in 90 for women
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and 1 in 240 for men. This is less than many other cancers in the general popu-
lation.
• Thyroid cancer is rarely life-threatening; 30-year survival is over 90 percent
for papillary thyroid cancer, the form linked to radiation exposure.
• Accurately identifying people’s past exposure to I-131 is usually not possible
because necessary data on the key risk factors from four decades ago are gener-
ally not available or are unreliable.
• Routine screening for thyroid cancer is not recommended because the avail-
able tests produce a large number of false-positive results, there is no evidence
that early detection by screening improves outcomes, and the benefits of screen-
ing may not outweigh the harms.

Why may my patients be concerned? News media have covered two recent
reports on exposure to radioactive iodine in fallout from about 100 above-ground,
nuclear weapons tested in Nevada in the 1950s and 1960s. These stories have
reported that this exposure is linked to thyroid cancers.

The first report, mandated by Congress and published in 1997 by the Na-
tional Cancer Institute, provided county-level estimates of the American people’s
exposure to I-131. A related memo estimated that an 11,000 to 212,000 excess
cases of thyroid cancer were likely caused by the I-131 exposure but epidemio-
logical analyses suggest the number is probably in the lower part of this range.
An Internet site provides the public a complicated method to estimate individual
exposure (http://rex.nci.nih.gov).

In 1999, the Institute of Medicine and the National Academy of Sciences, as
requested by the U.S. Department of Health and Human Services, published a
report assessing the health implications of I-131 exposure from the Nevada tests
and advising the government on appropriate responses. The IOM/NRC report
concluded that the available data from events four decades past were insufficient
to permit either reliable or valid county- or individual-level assessments of ex-
posure to I-131. It also concluded that there was no evidence to determine
whether screening for thyroid cancer would improve survival or other health
outcomes, taking possible harms of mass screening of the population into ac-
count.

Does exposure to I-131 cause cancer? Although there is still some dis-
agreement, it is now generally accepted that exposure to I-131 at young ages—
especially under age 10—can cause thyroid cancer. The strongest evidence
comes from the studies of thyroid cancer in children exposed from the nuclear
accident at Chernobyl in 1986. Other suggestive evidence links thyroid cancer to
upper body external radiation during childhood.

The magnitude by which risk is increased is small, however—probably less
than the normal variation in thyroid cancer in different populations around the
world. In the general U.S. population, the chance of being diagnosed with thy-
roid cancer by the age of 95 is roughly 1 chance in 400 for men and 1 in 150 for
women. For someone who received 0.1 Gy (10 rad) of I-131 as a child under age
1, the lifetime risk might be roughly 1 chance in 240 for men and 1 in 90 for
women. As noted earlier, papillary thyroid cancer, the form related to radiation
exposure, is rarely life threatening. By way of comparison, women have about a
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1 in 8 lifetime risk to age 95 of being diagnosed with breast cancer, and men
have about a 1 in 5 risk of being diagnosed with prostate cancer.

For those diagnosed with papillary carcinoma, the risk of dying from thyroid
cancer is very small. Ten-year survival rates are about 95 percent and 30-year
survival is about 90 percent. For the population in general, the lifetime risk over
95 years of dying of thyroid cancer (all forms) is considerably less than 1 in
1,000. In comparison, women have about a 1 in 30 risk of dying of breast cancer
and men have about the same risk of dying of prostate cancer.

Is thyroid cancer linked to iodine-131 different from naturally occurring
thyroid cancer? The cancer linked to I-131 exposure is papillary carcinoma,
which has very high survival rates (95 percent), is a usually less aggressive type
of thyroid cancer, and has a very good prognosis without screening (95 percent
survival at 10 years, 90 percent at 30 years). For the population at risk, today’s
middle aged adults, there is no evidence that cancer related to childhood radia-
tion exposure differs from naturally occurring cancer.

Can I identify whether a patient is at high risk of thyroid cancer from
iodine-131 exposure? Unfortunately, in most cases the answer is no—except
that there is virtually no risk for someone who was an adult during the testing
period. For those who were children at the time of the testing, one problem in
estimating exposure is that fallout data were collected in very few places in the
United States. This information is not sufficient to make good estimates about
fallout in places where data were not collected. Also, because the primary way
that I-131 gets to the thyroid is through drinking milk, you would need to know
how much milk a person drank as a young child, whether it came from a cow or
a goat (because goats’ milk concentrates I-131 more effectively than cows’ milk),
and whether the milk came from a backyard cow or other source that left little
time for natural decay of radioactivity. Research indicates that dietary recall data
are highly unreliable, especially four decades after the fact. In addition to the
uncertainties in estimating I-131 exposure, there are also uncertainties involved
in estimating the probability of thyroid cancer related to particular levels of ex-
posure, especially at the low levels generally linked to the Nevada weapons
tests.

Should people be screened for thyroid cancer? An Institute of Medicine
committee made up of physicians (including specialists in endocrinology, radi-
ology, pathology, surgery, and family practice) and others with expertise in pub-
lic health and evidence-based medicine found that there is insufficient evidence
to recommend routine screening for thyroid cancer or other thyroid disease in
people who are asymptomatic, whether or not they have been exposed to I-131.
For physicians who see patients concerned about thyroid cancer and interested
in screening, a process of shared decisionmaking is appropriate. The U.S. Pre-
ventive Services Task Force reached similar conclusions about screening for
thyroid cancer in the general population. The reasons for this policy are based on
concerns about benefits and harms of screening, outlined below, and do not
relate to the costs of a screening program.

The problem with screening for thyroid cancer is that palpation is not a very
reliable test for thyroid nodules or thyroid cancer. Ultrasound is more accurate
in finding nodules, but because it can detect very small lesions, it will find nod-
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ules in perhaps 30 to 50 percent of older adults. The great majority will be be-
nign, but ultrasound can’t distinguish them. Many people will then be referred
for FNA biopsy, the results of which are also not perfect. If the physical exami-
nation is normal and no symptoms are reported, ultrasound is not recommended.

One potential result of a screening program is that many people would have
surgery when they did not have cancer or had cancers that would never cause
problems. This extra surgery would be acceptable if the added vigilance from
screening meant better survival and reduced morbidity from thyroid cancer.
Survival rates for papillary cancer are already high, however, and no evidence
exists to determine whether screening will produce better results. This combina-
tion of unproved benefits and clear possible harms is why a systematic screening
for thyroid cancer is not recommended.

What should I tell patients interested in testing for thyroid cancer?
Given the tradeoff of benefits and harms associated with screening, the choice of
whether to proceed with screening is a personal decision that should be made,
whenever possible, with the input of the patient. If you have a patient who is
interested in testing, it is important to advise the patient of the potential benefits
and harms so that he or she makes an informed decision about whether screening
is worthwhile. Some of the quantitative information presented above may help
in your discussions with patients, but people often don’t interpret quantitative
information correctly. It is appropriate to check their understanding.

You might start by explaining that thyroid cancer is uncommon and usu-
ally not life-threatening. Possibly 10 percent of the U.S. population may have
tiny thyroid cancers, few of which will ever progress to cause problems. You
can then explain that the primary screening test is palpation, which looks for
thyroid nodules using a physical examination of the neck, combined with ques-
tions about possible symptoms (e.g., hoarseness) and risk factors (e.g., radiation
therapy at a young age). Possibly one-third to one-half of American adults have
thyroid nodules, most of which, however, are too small to be felt. If a lump is
found, you may then recommend a biopsy, which uses a thin needle to draw
tissue from the lump for examination under a microscope. Most of the time they
will not find cancer.

Patients should know that screening has the potential to produce harm be-
cause the tests used are not always accurate. The tests often identify question-
able lumps or cells that lead people to have major surgery either when they don’t
have cancer or when they have a cancer that will never progress and cause prob-
lems. The surgery has very low risk of death but it does cause discomfort and
scarring, will require lifelong thyroid hormone replacement therapy, and for a
small proportion of cases can disrupt calcium metabolism or cause serious, per-
manent hoarseness.

Patients should also know that there is no scientific evidence that they will
enjoy better health as a result of screening or early treatment. If, after learning of
these tradeoffs, the patient still wants to be screened, palpation of the neck com-
bined with questions about possible symptoms (e.g., hoarseness) and risk factors
(e.g., radiation therapy) may be reasonable and reassuring. Normally, if a nodule
is palpated, FNA biopsy is recommended. If the physical examination is normal
and no symptoms are reported, ultrasound is not recommended.
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Consistent with the recommendations for patient and public information, in-
formation for physicians should be tested before distribution. DHHS should en-
list physician organizations in the process of developing information, testing it
with representative generalists and specialists, and disseminating it. The commit-
tee recognizes that the availability of information and recommendations does not
translate automatically or easily into clinical practice. Physicians facing ques-
tions from their patients will, however, have some motivation to seek guidance
on iodine-131 exposure and clinical practice. Following publication of this re-
port, DHHS could organize briefings for relevant professional organizations in an
effort to enlist their support and assistance in reaching their members, for ex-
ample, through journal articles, stories in professional newsletters, and presenta-
tions at national and regional meetings. If DHHS pursues the regional informa-
tion development and distribution strategy described in Chapter 5, physician
leaders could be involved in the planning process.

Research and Surveillance

Given the lack of research on how people understand and perceive the risks
of different cancers and the benefits and harms of cancer screening, the commit-
tee suggests that DHHS consider studies to develop more knowledge about per-
ceptions of cancer risk and screening benefit and harms and about the ways per-
ceptions may differ depending on disease characteristics (e.g., prevalence, risk
factors, mortality and morbidity, screening test accuracy, treatment conse-
quences). Such research would be helpful in developing strategies for informing
and counseling people about risks and options, for example, in deciding whether
and how strategies might need to vary depending on disease characteristics. Also
helpful would be research on how perceptions are affected by different ways of
presenting quantitative information and different ways of structuring clinician-
patient communication.

With respect to thyroid cancer or radiation-exposed populations specifically,
the committee suggests that the evaluation component of the ATSDR medical
monitoring program might consider the feasibility of a controlled study to com-
pare the responses to different information formats or different counseling strate-
gies for eligible patients who come in for screening. Although the program might
contribute to knowledge in this area, the ATSDR medical-monitoring program is
not likely to produce useful information about mortality effects of screening for
thyroid cancer because the population that requests screening and meets eligibil-
ity criteria will be self-selected and because high long-term survival rates can be
expected without screening.

The committee already has noted that the results of the Hanford Thyroid
Disease Study (which is a research effort rather than a screening program) may
help clarify the extent to which childhood exposure to low doses of I-131 is linked
to thyroid problems in adults. This clarification should, in turn, indicate whether
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systematic examination of the benefits and harms of screening for nonmalignant
thyroid disease in radiation-exposed persons is warranted.

In addition to supporting some additional research to inform clinical practice
and public health policy, the committee also suggests that DHHS strengthen its
surveillance capacity by considering ways to work closely with states to improve
the quality and scope of SEER data collection and reporting. It should consider
whether collection of additional patient information on residence and personal
history is warranted and should review the information collected and the way
information is coded to be sure that FNA and open biopsy results are being ad-
equately captured, and that operative results and treatment of confirmed thyroid
cancers are being documented.

CONCLUSIONS

This chapter has examined the potential benefits and harms of screening for
people who could be at higher-than-general risk for thyroid cancer as a result of
exposure to I-131 fallout. It briefly discussed screening for other thyroid disor-
ders. The IOM committee that prepared this chapter recognized the significant
uncertainties that surround the issues of I-131 exposure and cancer risk as illus-
trated in Figure 4.2, which summarizes the causal pathway from I-131 release to
diagnosis of cancer and gives examples of the sources of variation and uncer-
tainty associated with each step in the pathway. The IOM committee

(1) accepted the analysis presented elsewhere in this report indicating that
those most exposed to I-131 from fallout were at increased risk of thyroid cancer,
although much uncertainty surrounds estimates of exposure for specific individu-
als;

(2) concluded that the evidence did not support a positive recommendation
for a program to promote systematic thyroid cancer screening for those poten-
tially exposed to I-131 from the Nevada atomic bomb testing program;

(3) described a simplified process of shared decisionmaking about screening
by palpation as a reasonable approach for people who come to clinicians with
requests for screening and with concerns about their risk of thyroid cancer due to
I-131 exposure;

(4) recommended against screening by ultrasound examination for those who
choose screening;

(5) suggested that DHHS develop materials for physicians and for physicians
to give to concerned patients as part of its program of information and education
for the concerned public and clinicians; and

(6) proposed directions for research, including the development of more in-
formation about how people perceive the benefits and harms of screening and
about how different ways of presenting risk information and structuring
decisionmaking affect patient perceptions and understanding.
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FIGURE 4.2 Causal pathway: I-131 exposure and consequences with examples of sources
of variation and uncertainty.

Nevada Nuclear Tests, 1951-1962
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weather patterns (jet stream, rainfall)

Fallout containing I-131
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The committee was not charged with doing a cost-effectiveness analysis, and
it based its conclusions solely on clinical and epidemiologic grounds. It would
not, in any case, have proceeded from analysis of effectiveness to analysis of
cost-effectiveness because it found no evidence showing that screening for thy-
roid cancer is effective.
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Although screening for those at increased risk of thyroid cancer might seem
an obvious strategy, screening asymptomatic persons has value only when earlier
detection of disease results in earlier treatment that improves outcomes for the
screened population and when the benefits of screening exceed the harms. For
thyroid cancer screening, there is no evidence of improved outcomes or of ben-
efits that exceed harms. The committee recognizes that it will be challenging to
communicate these conclusions in ways that respond to understandable public
concerns, beliefs, and values and that accommodate limits on popular compre-
hension of quantitative information and risk analyses. The next chapter discusses
how DHHS might confront this challenge.

Figure 4.2 traces the steps involved in the causal pathway connecting atmo-
spheric nuclear weapons tests to the detection and treatment of radiation-induced
thyroid cancers. For each step of the pathway, the enclosed boxes contain infor-
mation about factors likely to introduce uncertainty and variation. The cumula-
tive effect is to dramatically reduce the ability to identify those individuals at
highest risk for radiation-induced thyroid cancer and to assure an individual en-
tering the screening portion of the pathway that benefits will exceed harms.

ADDENDUM 4A: INTERPRETING SENSITIVITY AND SPECIFICITY

Screening tests are accurate when they correctly identify disease in people
who have the disease (true positive) or when they correctly identify no disease in
people who have no disease (true negative). Tests are inaccurate when people
without the disease have a positive test result (false positive) or when people with
the disease have a negative result (false negative).

Measures of sensitivity, specificity, and positive predictive value are used to
assess the accuracy and efficiency of screening tests in identifying people with
and without disease (Table 4.3). These measures are defined for the straightfor-
ward screening situation when the alternatives are, first, that the disease is either
present or absent and, second, that the test results are either positive or negative.
When indeterminate test results and conditions are factored in, the computations
of sensitivity and specificity are not defined, but grouping can be done. Treating
indeterminate results as positive lowers the positive predictive value of the test.

Table 4.4 highlights the importance of disease prevalence in assessing the
value of screening and shows a worked example using the concepts defined above.
Given the same test accuracy, the positive predictive values of the test—or the
probability of disease given a positive test result—goes from 8.3 percent to 0.9
percent when the prevalence of a disease drops from 1 percent to 0.1 percent.
Even for a test that is reasonably sensitive and specific, the lower the prevalence
of the disease, the more false-positive results will be generated relative to true-
positive results.

Table 4.5 uses the same example but presents it as a Bayesian analysis. In the
column headed “revised probability,” the first number (8.3 percent) is the prob-
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TABLE 4.4 Importance of Disease Prevalence

Testing Conditions:
Size of Population = 100,000
Sensitivity of test = 90%
Specificity of test = 90%

If disease prevalence = 1%
Disease Present Disease Absent

Positive Test 900 (a) 9,900 (b) 10,800 (a+b)
Negative Test 100 (c) 89,100 (d) 89,200 (c+d)

Probability of disease given 1000 (a+c) 99,000 (b+d) 100,000 (a+b+c+d)
a positive test result = 8.3%
(a / a+b) × 100

If disease prevalence = 0.1%
Disease Present Disease Absent

Positive Test 90 (a) 9,990 (b) 10,080 (a+b)
Negative Test 10 (c) 89,910 (d) 89,920 (c+d)

Probability of disease given 100 (a+c) 99,900 (b+d) 100,000 (a+b+c+d)
a positive test result = 0.9%

TABLE 4.3 Definition of Terms

Term Definition Formulaa

Sensitivity Proportion of persons with condition who test positive a/ (a + c)
Specificity Proportion of persons without condition who test d/ (b + d)

negative
Positive predictive value Proportion of persons with positive test who have a a/ (a + b)

condition
Negative predictive value Proportion of persons with negative test who do not have d/ (c + d)

a condition

a Explanation of symbols:

SOURCE: USPSTF, 1996.

a+c b+d

Legend:
a = true positive
b = false positive
c = false negative
d = true negative

c+d

a+b

dc

ba

Negative test

Positive test

Condition
absent

Condition
present
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ability of disease given a positive test and is the same as in the first part of Table
4.4. The first sum at the bottom of the column headed “product of probabilities”
(10.80 percent) multiplied by 100,000 would give the number of positive tests as
shown at the right side of the first part of Table 4.4 above.

ADDENDUM 4B: INTERPRETATION OF INDETERMINATE AND
UNSATISFACTORY FNA SAMPLES

The terms sensitivity and specificity are clearly defined only when the test
result is either positive or negative. In the case of FNA, the test results can also be
indeterminate and unsatisfactory. As shown in Table 2a and 2b in Appendix F,
the test performance of FNA will depend upon whether one treats indeterminate
and unsatisfactory test results as positive or negative. The following analysis
illustrates how treatment of these results affects the calculation of the probability
of cancer. For these illustrative purposes, the analysis relies on experience from a
major academic center as reported in the table below, which presents the approxi-
mate probability of positive, negative, indeterminate, and unsatisfactory results
conditioned on the actual findings for the nodule aspirated.

Cancer No Cancer

Positive  85% 3%
Negative  7% 65%
Indeterminate  4% 20%
Unsatisfactory  4% 12%

100% 100%

TABLE 4.5 Importance of Disease Prevalence: Bayesian Probability Analysis

Test conditions:
Sensitivity of test, 90%
Specificity of test, 90%

Patient Prior Probability of Product of probabilities Revised probability
Status probability positive exam (col1 × col2 ) coli/∑coli

If prevalence is 1%
Disease 1% 90% 90 8.3%
No Disease 99% 10% 990 91.7%

∑ = 1,080
If prevalence is 0.1%
Disease 0.1% 90% 0.009 0.9%
No Disease 99.9% 10% 0.999 99.1%

∑ = 1.008
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If it is assumed that the prevalence of cancer among nodules biopsied is 3
percent, then (based on the tabular algorithm for Bayes rule presented in Table
4.4) one can revise the probability of cancer based on a positive FNA result:

Positive

Diagnosis Prior Conditional Product Revised
Cancer  3% 85% 255 46.7%
No cancer 97%  3% 291 53.3%

∑ = 546

The probability of a positive result increases from 3 percent to 46.7 percent.
Similarly, after a negative FNA result:

Negative

Diagnosis Prior Conditional Product Revised
Cancer  3%  7% 21  0.3%
No cancer 97% 65% 6,305 99.7%

∑ = 6,326

The probability of cancer given a negative test decreases from 3 percent to 0.3
percent.

Now consider the information provided by an indeterminate or an unsatisfac-
tory FNA result.

Indeterminate

Diagnosis Prior Conditional Product Revised
Cancer  3%  4%  12  0.6%
No cancer 97% 20% 1,940 99.4%

∑ = 1,952

Unsatisfactory

Diagnosis Prior Conditional Product Revised
Cancer  3%  4%   12  1.0%
No cancer 97% 12% 1,164 99.0%

∑ = 1,176

In both cases, the probability of cancer decreases (from 3 percent to 0.6 percent
and 1 percent, respectively). This change occurs because both of these results
carry information: The chance of either an indeterminate or an unsatisfactory
result is only 4 percent if the nodule contains cancer but is higher (20 percent and
12 percent, respectively) if the nodule is free of cancer, because cancers tend to
be more cellular and because criteria for the diagnosis of cancer are often more
explicit than criteria for diagnosing benign disease.

How, then, should an indeterminate result be treated? The physician might
treat the interdeterminate result in the same way he or she might treat a positive
result, and proceed to surgery. In that case:
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Positive (including indeterminate results)

Diagnosis Prior Conditional Product Revised
Cancer  3% 89%  267 10.7%
No cancer 97% 23% 2,231 89.3%

∑ = 2,498

The revised probability after a positive or indeterminate result would be only 10.7
percent, but 24.98 percent of patients would proceed to surgery (compared to
5.46 percent, as calculated above for positive FNA results) whereas 75.02 percent
would avoid surgery.

In contrast, if an indeterminate result were treated as negative (i.e., the work-
up stops), then the revised probability of cancer would be 0.4 percent because of
false negatives. In this case, 82.78 percent of patients would avoid surgery (com-
pared to 75.02 percent above).

Negative (including indeterminate results)

Diagnosis Prior Conditional Product Revised
Cancer  3% 11%  33  0.4%
No cancer 97% 85% 8,245 99.6%

∑ = 8,278

In a similar vein, consider the effect of an unsatisfactory FNA. Because can-
cers are more likely to provide satisfactory samples, an unsatisfactory result low-
ers the probability of cancer, as shown above, from 3 percent to 1 percent. Recall
that a negative FNA only lowers the probability of cancer to 0.3 percent (because
of the possibility of false-negative results).
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5

Communicating with the Public about
Exposure to Iodine-131

The U.S. Department of Health and Human Services (DHHS) asked the In-
stitute of Medicine and the National Research Council to provide information
that would help the department educate and inform the public and health profes-
sionals about the health implications of exposure to I-131 from the nuclear-
weapons testing program in Nevada in the 1950s and 1960s. Chapter 4 discussed
approaches to patient and clinician education and included sample information
statements that might serve as a starting point for DHHS work to develop, test,
and disseminate this kind of information. This chapter provides a broader frame-
work for DHHS to consider as it develops its information strategy.

Communicating effectively with the general public about the health risks
posed by exposure to I-131 fallout from aboveground nuclear tests some 40 years
ago presents a difficult challenge to DHHS for several reasons:

• The aboveground nuclear tests in Nevada were purposive, man-made phe-
nomena that left behind toxic residue. Since the tests ended, governments and
residents of areas adjacent to the test sites have engaged in intermittent, often
acrimonious, debate about possible health effects and about the release of infor-
mation about the tests. The legacy is a government with a record of poor credibil-
ity as an information provider, and a subset of the population convinced that the
health consequences of the tests are significant and severe.

• The best scientific estimates of exposure to radioactive iodine and of de-
veloping radiation-related thyroid cancer or other thyroid problems are burdened
by significant uncertainties. These uncertainties must be explicitly considered in
any effort to estimate the likelihood that a specific individual will be diagnosed
with thyroid cancer or that a particular diagnosed cancer actually stems from
radioactive fallout.

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


126 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

• Although a diagnosis of thyroid cancer must be treated seriously, it is an
uncommon cancer and is rarely life threatening. Most individuals exposed to I-
131 fallout from the Nevada weapons tests—even those few whose doses ap-
proached or exceeded 1 gray (Gy, 100 rad) are unlikely to develop exposure-
related thyroid problems. Communicating small probabilities and changes in small
probabilities may be difficult.

• A widespread attempt to alert the public to the possible health conse-
quences of exposure to I-131 fallout and to promote systematic screening for
thyroid cancer might not lead to entirely benign outcomes. No evidence shows
that screening for thyroid cancer is effective in improving survival for this highly
survivable disease. Screening tests are imperfect and can cause harm in the form
of unnecessary surgeries and other procedures, anxiety, insurability problems,
and other problems. The quality of the tests also depends on the skill of the
screeners, which can vary widely.

Despite the complexity of the topic, the uncertainty of estimates of exposure
and of probabilities of developing cancer, and public questions about government
credibility, DHHS must devise ways to communicate accurately, credibly, and
effectively about its 1997 (NCI 1997a) report (taking into account sound criti-
cisms of its methods, conclusions, and presentation). Media and other attention to
the report and to the fallout issue more generally will undoubtedly attract interest
and concern and lead some people to want to learn more about their own potential
chance of developing health problems. The committee believes that DHHS must
accept responsibility for helping people understand the possible relevance of the
NCI report to their own circumstances but recognizes that the limits of available
data and methods will make this difficult.

The following sections of this chapter discuss characteristics and principles
of risk communication that emphasize how people construct their own judgments
of risk; the importance of source credibility in those judgments; the probability
that the audience for risk information will be heterogeneous rather than homoge-
neous, thus creating the need for a variety of different information efforts; and the
need to promote involvement rather than exclusion of the public in the risk com-
munication process. The chapter also explores some specific communication strat-
egies aimed at both groups and individuals. The resources and effort expended on
risk communication should be proportional to the potential for harm and the like-
lihood that the risk communication will be successful.

CHARACTERISTICS OF RISK COMMUNICATION

As is the case with most risks, communicating effectively possible health
hazards stemming from exposure to I-131 fallout from the Nevada nuclear-
weapons tests will be complicated. Most risk communication efforts fail because
communicators believe the process is relatively simple: “educate the public” (Liu
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and Smith 1990; Rogers and Storey 1987; Hyman and Sheatsley 1974). Informing
the public is a useful goal, but there are contingencies that, if not accommodated,
can frustrate even the most earnest effort.

The success of any message will depend on considering a variety of factors
in designing an information campaign. Several of the important contingent condi-
tions are listed here, both to illustrate what is available in the literature and to
establish an interpretive framework that can inform DHHS public-education ef-
forts. Success may be very generally defined as communication that is viewed as
credible by intended audiences, that allows these audiences to accurately inter-
pret factual information (e.g., probability statements), and that does not provoke
unintended reactions (e.g., serenity when concern is warranted or vice versa).

What the Audience Brings to the Message

One mistake made by risk communicators is to assume that the audience is
an empty vessel waiting to be filled with the communicator’s interpretations of
reality. The assumption of audience passivity is widespread, and it has found
expression in such theoretical positions as the following:

• The powerful media hypothesis, sometimes called the hypodermic model,
predicts that people generally are extremely vulnerable to media influence. It is
the basis of most propaganda efforts and served as a catalyst for much of the
communication research during World War II. Today it is resurrected whenever a
new communication channel opens. The cyclical phenomenon is seen by looking
back in time at public and policy reactions to the movies, comic books, radio,
television, and now the Internet (Lowery and DeFleur 1995; Reeves and Hawkins
1986; Wartella and Reeves 1985).

• The third-person effect hypothesis states that when individuals encounter
information that is potentially alarming, they suspect the information will strongly
influence everyone but themselves. We believe ourselves capable of evaluating
messages, but we do not ascribe the same skill to our neighbors (Perloff 1993;
Davison 1983).

Audiences are far from passive and failure to recognize this can sabotage
effective communication. People are more likely to bring interpretations to a
message than they are to glean interpretations from a message (Zaller 1992;
Derwin 1981). For example, Stevenson and Greene (1980) studied individuals’
judgments about possible bias in news stories about presidential candidates and
found that “people see as biased news information which is discrepant with the
cognitions they already hold about the situation described in the news story” (p.
119). Put another way, a judgment of bias told the researchers more about the
views of the individual doing the judging than it did about the content of a news
story.
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Communicators must learn that the audience participates in the construction
of meaning. People bring complex sets of cognitions to any issue, including risks.
If they attend to the new information, they will likely incorporate it in some way
into their understanding of those issues. But that effort can change the meaning of
the message more often than it will change the understanding of the issue at hand.

Application

The idea that audiences will be active in constructing understanding of an
issue presents a challenge to information campaigners who wish to influence atti-
tudes and behavior. With respect to I-131 exposure, DHHS must remain sensitive
to this audience role and, like all information providers, it must make strategic
decisions about how much of an impact it wishes to have and with whom. There
are ways to work productively with active groups; some of them are discussed
below.

One task for DHHS is to learn more about how members of the general
public and more interested groups and advocates think about exposure to I-131
and the risk of developing thyroid cancer and to identify how they filter informa-
tion through different experiences and conceptual frameworks. Ongoing evalua-
tion of its communication efforts should allow DHHS both to learn more about
public thinking and to assess how well its communication program is doing.

As noted above, the resources and effort expended on risk communication
should be proportional to the concern about the risk as well as to the likelihood
that the risk communication will be successful. It might be appropriate in some
instances, therefore, to use less resource-intensive risk communication strategies.
Whatever strategy is pursued, it must be remembered that people who encounter
DHHS information about exposure to I-131 will predictably incorporate the mes-
sages in ways that are consistent with their personal understanding of the Nevada
tests and their fallout. If the DHHS message is inconsistent with that understand-
ing, the message will suffer.

Audience “Meanings” Will Vary in Theme and Intensity

There is no general audience for risk communication. Rather, any group of
individuals will probably display a wide, often contradictory, array of meanings
regarding a particular issue. A host of variables account for this variance includ-
ing that people will differ in their knowledge about the risk at hand, in their
motivation to learn more, in their capacity to learn more, and in the complexity of
the belief systems they have constructed to make sense of threats generally.

Level of Knowledge

When there is a broad audience, it is difficult for communicators to judge
what individuals already know about a particular hazard and its potential conse-
quences. Studies of risk perception find a strong correlation between the salience
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of a risk and the amount of knowledge. During the 1980s, for instance, AIDS
often topped the list of important problems for the American people, and respon-
dents in surveys generally demonstrated reasonably high levels of knowledge
about the risk (Fisher and Fisher 1992; Becker and Joseph 1988). Similarly, the
summer drought of 1988 put global warming on the personal agendas of many
individuals, likely leading to increased knowledge about that phenomenon and its
implications (Trumbo 1995). It would seem, then, that for any risk, some number
of individuals will have learned a great deal. Those persons also will tend to have
established strong beliefs about that risk.

Motivations to Learn

Simply knowing little about a risk does not ensure that someone will work
hard to learn more. People vary dramatically in their motivation to learn, but one
strong incentive to learn is personal experience with a problem. Knowing some-
one with AIDS, for example, has long been a good predictor of information-
seeking about that disease (Becker and Joseph 1988). The Centers for Disease
Control and Prevention’s Cancer Information Service offers another example. It
experiences an upsurge in the number of telephone calls soon after news about a
particular cancer is disseminated in the mass media (Freimuth 1998).

Sometimes, however, even highly salient conditions will not produce an ef-
fort to learn. We all make choices about what we do, and one option is to do
nothing. For example, Wynne (1991) was at first surprised to find that apprentice
workers at the Sellafield nuclear power plant in Great Britain knew little about
basic radioactive processes and felt little need to know more. He and his col-
leagues subsequently learned that those workers had put their cognitive energies
into learning organizational procedures, not science; instead, they placed their
trust in the institution to protect them from harm. Dependency on their jobs may
also have encouraged disregard.

Structural Limits to Learning

At times, even though motivation exists, an individual cannot summon the
resources to learn. Socioeconomic status confers on some individuals an informa-
tion-rich environment and on others an information-poor one. Sociologists
(Tichenor and others 1980) hypothesize that structural differences can create a
knowledge gap even in a society brimming with information. Given a societal
need to know and the routine availability of information, they argue that people
with greater resources will become increasingly knowledgeable while those with
few or no resources will show little appreciable change for the better. Over time,
a knowledge gap forms and widens.

Wynne (1991) reinforces this notion of structural limits to learning in his
research on public understanding of a variety of risky situations in Great Britain.
Specifically, “an important discovery from our research has been the enormous
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amount of sheer effort needed for members of the public to monitor sources of
scientific information, judge between them, keep up with shifting scientific un-
derstandings, distinguish consensus from isolated scientific opinion, and decide
how expert knowledge needs qualifying for use in their particular situation”
(Wynne 1991, p. 117).

Complexity of Cognitive Systems

Confronted with a possible risk, people vary widely in the sophistication of
their cognitive processes for making sense of risk. As in many other situations,
people tend to employ judgmental shortcuts and personal theories of how the
world works to decide what to make of a risk (Freudenberg 1992; Gilovich 1991;
Kahneman and Tversky 1979). Those theories can be sophisticated or they can be
naive. For example, some people have notions of causality that make chance an
acceptable explanation for a cancer cluster; for others, assumptions that all ef-
fects have causes will preclude chance as a factor. As noted in Chapter 4, even
basic literacy and numeracy must be recognized as challenges.

Application

Creating appropriate risk messages requires recognition of the heterogeneous
nature of the audience and of the importance of risk salience, information re-
sources, and other factors that inform people’s responses to information. Infor-
mation providers can profitably use survey research, focus groups, and strategic
informants (including citizen advisory groups made up of representatives of a
variety of concerned groups) to shape their understanding of these variables. Al-
though the participation of concerned groups is important, representatives of the
general public should also be included to ensure that the larger community feels
neither ambiguous nor hostile to the communications and that its perceptions of
risks related to I-131 exposure are understood.

Because people may vary in language and numerical skills or comfort levels,
DHHS may want to develop materials that vary in scope and depth or that unfold
in ways that allow people access to information at the level that is comfortable for
them. On the Internet, for example, documents that are relatively short and simple
can include links to more detailed information. Unfortunately, as discussed be-
low, much remains to be learned about the Internet as a medium of communica-
tion. Also, those who might benefit most from this feature of the Internet may be
among the income and educational groups that have the least access to the
Internet. This is one reason why the Internet should not be the major communica-
tion tool.

Reinforcing Beliefs versus Changing Them

Most message designers try to change beliefs and behavior. The strongest
effect of a message, however, can be to reinforce the status quo.
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A typical example occurred some years ago when the government of Taiwan
engaged in a national risk communication campaign to persuade residents that the
construction of its fourth nuclear power plant was both safe and in the public’s
best interest. Underlying the campaign was the assumption that, as people learned
more about nuclear power and the country’s energy plans, they would develop
beliefs in keeping with the campaign’s goals. The idea backfired: Although many
people believed they had learned more about the risks of nuclear power, they
used that knowledge to strengthen their existing views. Residents who supported
nuclear power before the campaign tended by its end to be equally or more enthu-
siastic about the technology; those who were skeptical about nuclear power at the
start ended more strongly against the proposal (Liu and Smith 1990).

Of course, this reinforcing pattern works only when a person brings a belief
system to the issue. When a risk is not well known or understood, information
campaigns can have a substantial influence on the construction of knowledge and
belief systems, and sometimes that effect will be consonant with the goals of the
information provider. Even information touting the benefits of a technology, sub-
stance, or process over its risks can produce avoidance or hostility (Lopes 1987;
Kahneman and Tversky 1979). Sociologist Allan Mazur (Mazur 1981) has exam-
ined this process and finds, for example, that “balanced” media accounts—which
discuss the benefits and the harms of a process or technology—produce predomi-
nately negative reactions among people who are unfamiliar with the process or
technology in question. And the more coverage provided by the media, the more
negative public attitudes become (Mazur 1981).

Application

Traditional informational messages about the health effects of aboveground
testing will serve to reinforce existing beliefs, whatever they are, among indi-
viduals who already have complex and enduring beliefs about those risks. Effec-
tive communication with these groups may require more intensive work such as
community meetings, establishment of advisory groups, and working with other
information sources that may be more credible to those with strong existing be-
liefs. Other people will perceive they know little and, if they are motivated to
learn, will be much more open to DHHS’s attempts to frame the issue for them.
News releases, Internet communications, and other more traditional approaches
may work well with this audience.

Risk Perception

One finding from the literature is that individual risk judgments are formed
by many factors. This contradicts the common supposition that an informed risk
judgment is one that achieves a tight fit between the likelihood of coming to harm
and individual willingness to take preventive action. As many researchers have
demonstrated, the possibility of harm does contribute judgment, but its relative
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weight depends on a host of other factors, among them assessments of a risk’s
controllability, its magnitude, the extent to which a hazard might harm future
generations, whether or not it is voluntarily assumed, and its ability to harm non-
human organisms (Slovic 1992; Slovic 1987; Johnson and Tversky 1984).

Some risks seem inherently unnerving; others do not. This fact has led schol-
ars to argue on behalf of a cultural basis for perceptual differences. That is, a
particular interpretive framework can be nurtured among groups of people such
that the framework defines some risks as more terrifying and less palatable than
others regardless of the risks’ other attributes (Douglas and Wildavsky 1982).
Kasperson and colleagues (1992) articulate a process, called the social amplifica-
tion of risk, to explain this. In their view, “events pertaining to hazards interact
with psychological, social, institutional, and cultural processes in ways that can
heighten or attenuate perceptions of risk and shape risk behavior” (pp. 157-158).

Public perceptions of nuclear power likely have been shaped by this complex
amplification process. For example Slovic and colleagues find the term “nuclear”
is a strongly aversive term for Americans, evoking feelings of peril and ugliness
(Slovic and others 1991). Weart (1988) contends that these nuclear fears are
rooted in our social and cultural consciousness, and Peters and Slovic (1991)
offer evidence that attitudes toward the world and its social organization (called
“world views” by scholars who study the phenomenon) serve as “orienting dispo-
sitions” that guide individuals’ responses to all things nuclear. Regardless of
cause, Americans’ affective response to nuclear technology is so intensely nega-
tive, say these scholars, that it overwhelms any positive affective response. The
“nuclear connection” may have a strong negative impact on individuals’ thinking
about the health risks of I-131 independent of health issues themselves.

Application

Deciding what to emphasize in messages about risk depends on intelligent
assessments of what dimensions of a risk matter to the audience. The aboveground
nuclear-weapons tests will provoke cultural reactions as well as disparate indi-
vidual responses. DHHS may need to focus on more than I-131 exposure and
probabilities of developing thyroid cancer and to acknowledge that radiation is
not like most risks because it is not observable and exposure is not voluntary or
often even known by those exposed.

Information Channels

As individuals, when we think about risks, we make important distinctions
between our personal risk of coming to harm and the likelihood that other people
will be harmed. Specifically, we view ourselves as less vulnerable; everyone else
is at greater risk than are we.

The distinction between “me” and “them” pervades life—not just risk esti-
mates. So it makes sense to explore the possibility that we all use information
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differently to inform our understanding of “me” and “them.” Such a distinction is
particularly important to the success of information campaigns, where the goal is
typically influencing individual perceptions of personal situation, often to the
extent of inducing a change in behavior.

Numerous studies find that we seem to differentiate between channels of
information that we find appropriate to informing our understanding of “them”
and those acceptable for an understanding of “me.” Specifically, we value medi-
ated information channels—newspapers, television, magazines, radio—as sources
of information about other people while we resist the relevance of the informa-
tion channel to our own understanding of our situations. Indeed, we rely heavily
on interpersonal channels—people we trust—when we need to make personal
choices.

This tendency is called the impersonal impact hypothesis (Mutz 1992; Tyler
and Cook 1984) and it seems to be pervasive. Illustrative of findings in this arena
are those that examine influences on individual perceptions of victimization by
crime. Such studies typically find that people use media accounts of crime to
inform their understanding of the prevalence and threat of crime in society gener-
ally but that they do not interpret those stories as telling them anything about their
likelihood of personally being victimized (Tyler 1984; Tyler 1980).

Similarly, we prefer to use media accounts of risk to inform our general,
societal understanding of a risk, but rarely do we employ these accounts to inform
our personal risk situations. Put another way, the primary effect of media ac-
counts of risk seems to be knowledge gain (see, for example, Schooler and others
1998). But when it comes to making a judgment about personal risk, media ac-
counts are insufficient sources of information. Instead, we need to talk to some-
one (Dunwoody and Neuwirth 1991).

Application

It is important to distinguish between individual personal risk judgments and
perceptions of the risk to others; some channels of information will be more ap-
propriate for one than for the other. If DHHS is trying to communicate informa-
tion about the general risk stemming from the Nevada tests, mediated channels
are fine. There is some evidence that individuals who attend to those messages
will learn from them. But once people begin to seek information to inform their
personal situations, other channels, interpersonal ones, must come into play.

Source Credibility

People make the acceptability of information a function of the perceived
trustworthiness of the source. Simply put, untrustworthy sources will not be be-
lieved, regardless of the quality of evidence they present about an issue.

Freudenburg (1992;1988) attributes this heavy reliance on trustworthiness as
a heuristic device to “recreancy” and sees it as a normal by-product of an increas-
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ingly complex society. Formally defined, a recreant is someone who fails to do
his or her duty or to be faithful to his or her obligations. We have become heavily
dependent on specialists to make society run, argues Freudenburg. Because the
typical citizen cannot evaluate the detailed work of specialists, he or she must
resort to making judgments about the ability of the specialists to do their duties
carefully (Freudenberg 1992; 1988). And all it takes to generate a diagnosis of
untrustworthiness within a complex system, says Freudenburg, is one mistake,
one display of carelessness or ignorance. Because the typical American cannot
know a system intimately enough to interpret errors as more or less serious, he or
she instead defines any error as proof of recreancy, and credibility suffers.
Freudenburg argues that a public perception of recreancy explains more of the
variability in public concern with such hazards as nuclear power and nuclear
waste than do such characteristics as sex and socioeconomic status.

Other scholars, among them Kasperson and others (1992) and Peters and
others (1997), offer sets of underlying dimensions for trust judgments that in-
clude perceptions of a source’s competence, objectivity, fairness, and compas-
sion.

Typically, we assume that trustworthiness judgments are directed toward the
individuals or organizations who are sources of information. That might not al-
ways be so. People sometimes rely on judgments of the credibility of information
channels rather than of information sources. The choice can depend on the com-
plexity of the belief system that a person brings to the message.

The Person Who Knows Little about the Risk

If someone knows little about a risk it suggests that the risk is not highly
salient (at least at the moment). When someone has less at stake from an informa-
tion perspective then he or she will invest less effort in making a credibility judg-
ment about available information. One way to invest less effort is to employ
judgmental shortcuts that focus on the credibility and trustworthiness of informa-
tion channels, not information sources. That is, rather than enter into the labor-
intensive task of picking apart a message to judge the credibility of a particular
source, an individual will make a broader judgment about the credibility of the
channel. In this context, a source is the originator of information and a channel
conveys the information: A newspaper story (a channel) carries information from
a government official (a source).

Like all heuristic devices, this default to channel is efficient. Most of our
information about risks comes to us through some mediated channel. And a chan-
nel judgment often is grounded in culturally negotiated notions of channel qual-
ity; for example, most people will regard NBC television as a more credible chan-
nel than the National Enquirer.
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The Person Who Has Developed a Complex Belief System about the Risk

People who have enduring belief systems will already have defined the risk
in question as highly salient, will probably be willing to engage in more system-
atic information processing when they see messages about it, and thus will make
much finer credibility distinctions among the sources than solely among the chan-
nels. They will not simply judge a risk on the basis of the channel itself but will
instead attempt to learn who is speaking with authority and to decide whether the
authority is warranted.

Information sources bring their own cultural baggage along. Some recent
research indicates that general cultural expectations of sources influence our per-
ceptions of credibility. For example, Peters and others (1997) found that the mix
of underlying predictors of trust and credibility varied by type of source: The two
strongest predictors of the credibility of government sources were the perceived
commitment to a goal (such as public health) and knowledge and expertise re-
garding the risk. The two strongest predictors of trust in industry sources were the
perceptions that the industry was concerned about the risk and that the industry
sources tried to provide full information quickly.

Evaluating the role of trust and credibility is made even more complex be-
cause of the possibility that credibility judgments are at least partially contingent
on the source’s area of expertise. In a survey of perceptions about a variety of
risks among residents of 5 European countries, Jungermann and others (1996)
found that those surveyed clearly regarded sources that are critical of industry
(environmental groups, for example) as the most trustworthy. But when they were
asked to match specific types of risk information with the ideal source for that
information, respondents indicated that even low-credibility sources could pro-
vide some trustworthy information. For example, although they were critical of
industry sources, survey respondents regarded industry as the best source of in-
formation about the characteristics of their own products. Government sources,
another category with credibility problems in this survey, were regarded as the
best sources of information about relevant environmental regulations.

Application

If a source or channel is not trusted, it is almost useless as an information
provider. And in such long-running and volatile issues as the aboveground Ne-
vada tests, credibility is important in public acceptance of information. In lieu of
changing perceptions of credibility—a decades-long task at best—it might be
useful to separate types of information such that a specific type of information is
matched with an information provider who will be seen as credible in that in-
stance (see Jungermann and others 1996). For example, a federal agency, such as
NCI, might be defined by the public as a highly credible source of information
about how to calculate the risk of developing thyroid cancer from exposure to I-
131. But NCI’s expertise might not give it legitimacy as a source of information
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about how concerned any individual should be about that risk. By involving mem-
bers of the public in developing and testing information, DHHS may also identify
other, more credible information sources (e.g., some state health departments)
and encourage their involvement in providing information.

Communication as a Two-Way Process

Risk managers now understand that communicating successfully with a set
of constituents means involving those constituents in the process much earlier
than was done previously. Risk managers of old viewed communication as a one-
way, temporal educational process in which experts pronounced and the audience
listened and learned. An unsuccessful risk communication effort was blamed on
audience failure to assimilate the information and act appropriately.

That unilateral approach is slowly being replaced by a multilateral one as
agencies with a communication mission work to involve the audience in planning
and execution. Serving as an important catalyst for this change was the National
Research Council report Improving Risk Communication (National Research
Council 1989), which declared “risk communication should be a two-way street,”
between experts and various groups, that should exhibit a spirit of open exchange
in a common undertaking rather than a series of “canned” briefings restricted to
technical “nonemotional” issues and an “early and sustained interchange that in-
cludes the media and other message intermediaries” (p. 10).

In response, many state and federal agencies are beginning to assemble citi-
zen advisory groups and to meet and seek the counsel of the public in the course
of designing risk messages (see, for example, Boiko and others 1996). There are
good reasons for this. First, individuals who have developed complex belief sys-
tems about a risk situation tend to be highly knowledgeable about the risk and
often have developed insight about the risk perceptions of various interested
groups. They can thus bring useful information to the table. Second, involving
citizens early in a risk communication process enhances interpersonal communi-
cation of the type most likely to influence the perceptions of even the most hostile
individual. Numerous efforts are under way to engage citizens in interpersonal
dialogue about issues to enhance decisionmaking. The most visible of these re-
cent efforts was the 1996 National Issues Convention. Before the 1996 presiden-
tial election, a random sample of voting-age adults assembled in Austin, Texas, to
discuss issues with policy makers and with one another. The object was to en-
courage people to deliberate and negotiate with others, and subsequent surveys of
the participants indicated not only that they learned a great deal about the issues
under discussion, but also that many of them did indeed change their understand-
ing of the issues. An added benefit was an enhanced sense of political efficacy;
these persons now believed their opinions mattered (Fishkin 1996).

As judged by the degree of community involvement, perhaps one of the bet-
ter current risk communication templates is the Hanford Health Information Net-
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work, sponsored by the state health departments of Washington, Oregon, and
Idaho. Like the Nevada tests, the federal Hanford Nuclear Reservation is the
subject of lengthy and continuing public concern about the health implications of
radioactive contamination. However, the Hanford situation is sufficiently differ-
ent from the Nevada Test Site (e.g., range of hazardous materials and exposure
routes involved, time period, geographic area involved), that the various elements
of this model and the kinds of information provided would need careful examina-
tion.

Application

If DHHS deems this particular risk worthy of a sustained campaign to inform
not just the general public but also various interested groups, it will be important
for the department to design information structures that bring the public into the
process early. The “stakeholders” are the people who have developed complex
belief systems about the risks posed by the Nevada tests or similar events and
those who are most at risk, regardless of their a priori knowledge and beliefs.

CAN RISK BE COMMUNICATED EFFECTIVELY?

A simple, albeit ambiguous, answer to this question is “Yes.” The difficult
part is making educated guesses about how to accomplish the goal. There has
been some empirical exploration of how to communicate about risk with nonspe-
cialists—studies of risk comparisons, of explanatory devices, of appropriate in-
formation channels—but the work is relatively sparse and one must generalize
with care. Equally challenging for risk communicators is the task of selecting the
interpretive context within which facts will be presented. That is, should one talk
about an individual’s immediate or long-term prospects? Should one talk about
the risk to the average person or instead emphasize contingent conditions that
would make some people much more susceptible than others?

The remainder of this section briefly discusses elements of the interpretive
context, offering a list of domains that DHHS should consider as it decides on the
content of its messages. The use of specific communication strategies is discussed,
including risk comparisons, the question of whether the World Wide Web can
contribute, and a means for people to estimate personal risk from exposure to I-
131 during the Nevada tests. Finally, a recommendation is made for how to ac-
complish communication planning by bringing the affected public into the pro-
cess.

Appropriate Comparisons

In the course of studying the health risks created by the Nevada atomic weap-
ons tests, this committee has come to several conclusions that need to be reflected
in the communication strategy developed by DHHS.
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• Being at increased risk of developing thyroid cancer has little influence
on individual mortality. This is true for two reasons: Thyroid cancer is rare, and
long-term survival after diagnosis is high. No evidence suggests screening would
improve these already high rates. It will be important to account for contingent
conditions when trying to evaluate an individual’s future lifetime risk of being
diagnosed with thyroid cancer. Such evaluations should emphasize that increased
probability of developing thyroid cancer caused by I-131 exposure is restricted to
a relatively narrow birth cohort and that, even for members of that cohort, future
risk of developing thyroid cancer is most likely less than a few percent. For the
public, explanations of probabilities of developing or dying of thyroid cancer
related to I-131 exposure should be provided in both qualitative and quantitative
terms as described in Chapter 4 and explanations should include baseline risk
(e.g., risk of naturally occurring thyroid cancer).

• Risk estimates will come bearing high levels of uncertainty that will com-
plicate efforts to explain probabilities of developing thyroid cancer related to I-
131 exposure. Although NCI (1997a) has estimated as much as a two-thirds in-
crease in risk for developing thyroid cancer for selected birth cohorts (people
born between 1948 and 1952, for example), this estimate of increased risk is
accompanied by a wide range of uncertainty. Moreover, available epidemiologic
evidence so far provides scant support for the higher estimates of excess cancer
cases.

As suggested in Chapter 3, if individual exposure to I-131 from fallout can
be accurately assessed, then for a diagnosed case of thyroid cancer, the probabil-
ity that the cancer was caused by fallout can be assessed.

SOME IMPORTANT COMMUNICATION ISSUES

Risk Comparisons Are Risky

One obvious way to place a risk in context is to compare it with a second,
third, or fourth cause of harm. For example, Chapter 3 compares thyroid cancer
incidence and mortality with comparable statistics for other cancers.

When scientists and risk managers attempt to put risks in context by making
comparisons, their audiences may derive meanings from them that are quite dif-
ferent from what was intended. For example, when one scientist equated the like-
lihood of coming to harm from eating contaminated fish from the Great Lakes to
the risk of getting cancer from exposure to chemicals found in the food, drinking-
water, and air of some of America’s more polluted cities, his attempts were inter-
preted as venal efforts to downplay the risks of eating fish (Dunwoody and Peters
1992).

Although comparison is an excellent explanatory technique, it works only if
it allows the user to connect appropriate dimensions, such as the quality of life,
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associated with different health outcomes. A scientist will offer a risk comparison
with the intention that the user will compare the likelihood of one cause or an-
other leading to harm. But a lay user of a comparison might attempt to make
comparisons between other dimensions of the risk, for example, whether the risk
is voluntary or involuntary. Most people consider multiple dimensions when mak-
ing risk judgments, and therein lies the problem. In the example above, the scien-
tist intended the comparison to illustrate the magnitude of various risks that are
commonly encountered and accepted. But the audience inferred that the scientist
was comparing dissimilar values. If a source’s credibility is under attack, risk
comparisons are problematic. When a source that is deemed untrustworthy offers
comparisons, those comparisons can be interpreted as attempts to persuade rather
than to inform.

Freudenburg and Rursch (1994), who have conducted one of the few empiri-
cal explorations of the value of making risk comparisons, add that the use of
comparison can be successful explanatory strategy only when the comparison is
by a source that is trusted by the audience. The authors note, “Essentially, all risk
comparisons—even those that are widely seen as acceptable risk comparisons—
involve the provision of information by proponents and officials. If those propo-
nents and officials are not trusted, then even ‘legitimate’ risk comparisons can do
more to arouse suspicions than to assuage them” (p. 954).

Application

A comparison of estimates of harm works only if the audience interprets the
comparison as intended by the communicator. One way to achieve that is to iden-
tify risks for comparison that are similar in areas that are important to risk judg-
ment, for example, the extent to which the risks are voluntary and the extent to
which they are familiar. Such a strategy could, however, narrow comparisons
substantially and make it difficult for people to put a risk in context. For radia-
tion-related risks, identifying even this narrower set of appropriate comparisons
is difficult.

Thus, DHHS may want to test how different kinds of comparisons involving
radiation-related risk are perceived by different audiences. A later section of this
chapter returns to this issue.

Explaining the Concept of Risk

Most of us try to explain complicated things by a largely intuitive process.
We employ simple words and short sentences. We use active voice verbs, anal-
ogy, and metaphor. But sometimes this is not enough. Scholars in science educa-
tion have become specialists in explaining science to the public; they help educa-
tors and communicators develop a keen focus on how audiences interpret
information. For example, Rowan (1990) suggests that even the most carefully
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selected analogy or definition will fail if it collides with an incompatible belief
held by the audience member. Beliefs inconsistent with theory are rife in daily
life. If an individual happens to believe that a co-occurrence of apparently highly
unlikely incidents—for example, the diagnosis of the same rare illness in three
players on a football team—simply cannot occur by chance, then even the most
carefully articulated explanation of the role of chance in such an event will not be
credible. Rowan (1990) notes that an explainer must first refute the “naive theory,”
in this case by helping someone understand that the occurrence of a rare illness in
three proximate individuals is not nearly as unlikely as originally supposed. Only
then can the explainer safely offer the new theory.

In addition to naive theories, audience members can come to a risk message
with only the barest numeracy skills, making it difficult for them to interpret
quantitative representations of risk. In a study of adult women in New England,
for example, Schwartz and others (1997) found that numeracy skills were strongly
predictive of the ability of women to accurately interpret information about mam-
mography and risk reduction.

Application

Explaining scientific concepts and processes and representing risk numeri-
cally requires an understanding of what the audience knows or believes to be true.
If numeracy skills are low or if individuals have accepted competing naive theo-
ries the risk communicator must tailor the message accordingly, and consider the
possibility and consequences of communication failure.

World Wide Web Communication

The World Wide Web’s popularity has led many to predict an explosion in
public reliance that will eventually exceed that for today’s traditional information
channels, with the possible exception of television (CommerceNet 1997;
WorthlinWorldwide 1996). Indeed, although the Web is a fundamentally new
kind of information channel that could be ideal for communicating some infor-
mation, it is important to be cautious about using it as a primary channel of infor-
mation for at least two reasons.

First, it is not yet a mainstream channel. Although use of the Web is spread-
ing among the American population faster than did the telephone or television, it
is still available mainly to people who have regular access. This excludes a large
portion of the public. The emergence of technologies such as the Web TV will
increase the rate of use, but for the near future access will be available only to a
minority of the U.S. public (Hoffman and Novak 1998). An information manager
who is responsible for communicating with a wide audience is not well served by
employing only the Web alone.

Second, we are just beginning to explore the role of the Web as a public-
information channel. Research on hypermedia sites exists but has looked prima-
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rily at use of such channels for formal education purposes. We have no idea how
the Web will be used as an informal channel, but it would be fair to expect that
such uses would be very different from those in the classroom. Is the Web a
mediated channel or an interpersonal one? If it emphasizes nonlinear communi-
cation—by urging the user to dart from one place to the next—what is the nature
of the learning that takes place? How do users make reasonable judgments about
the trustworthiness of the information presented?

Although research on how people use the Web as an information channel is
just beginning, one possibility, admittedly optimistic, is that, for risk communica-
tion purposes, the Web combines the best attributes of mediated and interper-
sonal channels. As a mediated channel, it can reach millions of people inexpen-
sively. And its interactive qualities can encourage users to interpret a site’s
contents as telling them something about themselves personally—a conclusion
usually reserved for interpersonal channels.

If users are willing to extrapolate site content to their personal situations—
something most people are extremely unwilling to do with information encoun-
tered in the mass media—then the Web could become an important means through
which to teach users about a risk and help them make personal risk judgments.

The National Cancer Institute seems to be actively considering this possibil-
ity. Its own Web site already contains a section that allows a user, given the
relevant background and behavioral information, to calculate his or her own likely
dose of I-131 from Nevada Test Site fallout. The section is not very accessible,
however, and it could frustrate users more than it helps them.

Application

DHHS should actively and creatively use its Web site but not regard a Web
site as its primary communication tool. The Web should supplement other infor-
mation channels, but it cannot replace them. The committee has found no empiri-
cal evidence to support the idea that calculating one’s personal risk from informa-
tion and a formula available on the NCI site will be helpful to members of the
general public. But a combination of careful information choices and thoughtful
design might make such a Web site worth trying and evaluating.

PUBLIC INVOLVEMENT IN EXPLAINING RISK

Many scholars, and an increasing number of risk managers, encourage a dif-
ferentiation between technical and democratic approaches to risk communica-
tion. As described by Rowan (1994), the technical perspective is characterized by
“the use of physical and social sciences to describe and predict health effects
posed by environmental hazards” (p. 392). Such risk assessments construct a pic-
ture of some hazard’s health effects and are used to set safety standards. People
who subscribe to the technical approach, says Rowan, put their faith in scientific
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expertise. Those who subscribe to the democratic approach, on the other hand,
are concerned about the political fairness of the assessment of risk. Notes Rowan
(1994), “The democratic view is that who decides whether some risk should be
incurred and who benefits or is harmed are just as important, if not more, than the
severity and likelihood of the risk” (p. 396).

Communication strategies are different for the two approaches. To facilitate
a technical view, one would use an expert-to-novice flow of information. The
democratic approach requires that all parties affected by a risk are guaranteed
participation and power in decisionmaking. Each strategy has limitations. For
example, the democratic approach cannot be implemented retrospectively, and
thus, in the current instance, this strategy will be heavily burdened by past deci-
sions relative to weapons testing and the resulting exposure of the public to I-131
and to other fallout radionuclides. The democratic approach now can be used
only to guarantee that all affected parties can participate and affect future
decisionmaking.

The issue of health effects caused by I-131 fallout from the Nevada tests is
one for which technical and democratic perspectives are both present and, at times,
seem to collide. DHHS can choose to communicate with the public only with the
technical approach. But the department must realize that such a choice will be
quite unsatisfactory for some subgroups of the public. Communicating effectively
with these often highly charged subgroups may well be expensive and time-con-
suming. If DHHS wishes to promote a public perception—particularly among
these subgroups—of the government as trustworthy, it will be a challenging
undertaking. To that end, this committee provides a set of recommendations for
how to achieve a communications arena in which all parties may participate.

Application

Effective communication by a government agency about public exposure to
radiation from federal facilities must account for the public perception of radia-
tion as a health threat and the history of less-than-forthright communication about
such exposures. To establish its credibility as a source of information, DHHS will
need to engage interested groups—affected members of the public and the health
professionals who serve them—as partners in the development and dissemination
of information materials. Because interest in the health effects of I-131 exposure
may continue for some time, attention should be paid to maintaining and improv-
ing—not just initially creating—the infrastructure to communicate information to
the interested parties. DHHS should consider the following process of developing
and communicating information about the health effects of exposure to fallout
from nuclear weapons testing at the Nevada Test Site. DHHS will also need to
consider the effectiveness and cost of different approaches as it develops its strat-
egy.
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• Development of Public Information on Radiation Health Effects.

To promote the provision of consistent public information about exposure to
I-131 from the Nevada weapons tests, DHHS should consider creating a national
resource center to help inform people concerned about their individual risk from
such exposure. Ideally, the center would be under the guidance of an organiza-
tional unit familiar with radiation health effects and with communicating such
information to the public, for example, the Centers for Disease Control and Pre-
vention. If such a resource center were created, DHHS should also consider es-
tablishing a council to provide guidance on the center’s communication methods
and materials. The council should consist of individuals selected to represent the
concerned public, including the “downwinder” organizations and Native Ameri-
cans groups; physicians; public-health authorities; and scientists knowledgeable
about dose reconstruction, risk assessment, epidemiology, and risk communica-
tion. Before they are published, materials should be reviewed by a panel of tech-
nical and lay advisors.

Public communication materials should be developed to include at least the
following items:

—a description of the NCI (1997a) report and its limitations;
—a description of the report’s focus on I-131 rather than on other isotopes;
—a description and explanation of the factors that place an individual at risk,

e.g., age at exposure, sex, source and volume of milk consumed;
—a method to help people place their risk in perspective, again with ad-

equate explanation of the uncertainties in individual estimates of risk;
—a description of the possible health effects and their likelihood of occur-

rence;
—a description of the limitations and risks of harm associated with screening

for the health effects of radiation exposure; and
—recommendations about factors people should consider in deciding

whether to seek further information or advice.

The addendum to this chapter includes for DHHS consideration an example
of a method people could use to assess their exposure to iodine-131 and their risk
of developing thyroid cancer and to help them decide whether they wanted to
seek further information and advice. The specific county classifications, risk cat-
egories, and multipliers provided for in the assessment method would need to be
chosen carefully and validated appropriately. The method should provide qualita-
tive as well as quantitative information and should include information on baseline
as well as relative risk. The inherent limitations of individual dose estimates
should be clearly explained. The general approach illustrated in the addendum
would replace the unwieldly method for individual dose assessment currently
included on the NCI’s Web site for the I-131 report.
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• Development of Information for Health Care Providers.

Of equal importance to public information is the development of information
for health care professionals. Chapter 4 discussed the kinds of information needed
by physicians and presented a sample information sheet that DHHS might use as
a starting point. Consistent with the suggestions above regarding public commu-
nication strategies, it recommended that professional groups and health care or-
ganizations be involved in developing, testing, and disseminating information
materials through a variety of channels including professional meetings, journals,
education videos, and public and private Internet sites. The information for clini-
cians described in Chapter 4 builds on the chapter’s assessment of the evidence
about the benefits and harms of thyroid cancer screening. It recommends against
a program of routine screening. If DHHS chooses to disregard this evidence-
based assessment and substitute a political judgment, materials provided to clini-
cians and others should make clear that there is a lack of a scientific justification
for routine screening of the general population or potentially exposed population
subgroups.

• Distribution of Information.

In developing a method that could be used to distribute information, one
approach it might consider is funding the assignment of public-health personnel
educated on the topic of Nevada Test Site radiation health effects in some or all
public-health-service regions. These personnel would provide information to in-
terested members of the public, as well as to state health agencies, and would
respond to questions and concerns. In general, plans for communication to the
regional audiences should be developed at the regional level. These plans should
be provided to the interested public and to state health agencies for input on their
adequacy in meeting local needs. Special attention should be paid to identifying
the most effective means of communicating with the interested parties, such as
establishing a user-friendly Web site and a toll-free telephone information line
staffed by skilled risk communicators who are knowledgeable about the health
risks of exposure to radiation from the nuclear weapons tests. At the national
level, DHHS should consider sending information to publishers of wellness news-
letters and to organizations that represent affected groups.

CONCLUSIONS

This chapter has provided a broader framework for DHHS to consider as it
develops its information strategy. It notes the challenges that DHHS will face in
communicating complicated information about nuclear fallout, radiation expo-
sure, probabilities of developing thyroid cancer, and clinical and public health
responses. It also notes the challenge of communicating against a historical back-
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drop of controversy over government actions and information. Involving the pub-
lic in the further development and testing of its information program is one way
for DHHS both to better understand public concerns and to develop information
that is credible and understandable.

ADDENDUM 5: EXAMPLE OF A METHOD TO ASSIST INDIVIDUALS
IN ESTIMATING THEIR PERSONAL THYROID CANCER RISK

The IOM/NRC committee believes that some Americans will want to learn
more about the thyroid cancer risk they individually face. In this context, risk
refers to the chance that a specific person will develop thyroid cancer as a result
of exposure to I-131 from the Nevada tests. As discussed earlier, the lifetime risk
of developing thyroid cancer is, even for most people exposed to I-131, still small,
and the disease is rarely life-threatening. About 90 percent of people diagnosed
with papillary thyroid cancer are alive 30 years after diagnosis. Any method to
estimate I-131 exposure and the chance of developing thyroid cancer should be
accompanied by clear information about these points and about the potential ben-
efits and harms of screening for thyroid cancer.

Each person’s exposure to I-131 and his or her chance of developing thyroid
cancer are usually very difficult to determine as well as difficult to communicate.
The method developed by NCI to help people assess their exposure is extremely
complicated involving complex calculations for each of the test series and recol-
lections about events that are decades past. It does not provide information about
cancer risk.

The IOM committee believes that if DHHS wants to make available a method
for assessing exposure and cancer risk, the method should be simple for the aver-
age person to use. The method presented here illustrates one approach that could
be presented in a brochure or Web site along with the kind of information about
thyroid cancer and thyroid cancer screening that is reviewed in this report. This
method and related information would need to be tested with potential users.

Though the committee has reasoned that the individual county average dose
estimates are imprecise to a degree that they are not useful to assess risk to indi-
viduals, there are more readily determined factors about each person that are
related to their risk.1 Individual thyroid cancer risk is determined by several fac-
tors beyond simply where a person lived during the time of the Nevada nuclear
weapons tests. People exposed to I-131 can be found in almost any part of the
United States. Gender, year of birth, some lifestyle characteristics, in particular,
the rate of consumption of milk, and the source of their milk have to be consid-
ered too. Although age and gender are easy to determine, dietary recall informa-

1An alternate wording is to say, “. . . there are factors describing each person that are related to the
likelihood they will develop cancer as a result of their exposure to I-131 in radioactive fallout.”
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tion—for example, recall of milk consumption some 40 years past—is generally
viewed as unreliable.

The method described here is neither fully developed nor tested and this
should be understood. Several steps by DHHS would be required as part of its
development. Foremost would be to classify the 3,000+ counties into one of 3
groups that would differentiate between concentrations of I-131 in commercial
milk available in the county (averaged over the testing period), and into one of 3
groups that would differentiate the counties on the basis of the concentration of
I-131 in milk obtained from backyard cows (averaged over the testing period).2

These two lists would be necessary companion tables to the method. In addition,
supplementary material would also be necessary to provide information to the
reader about the nuclear testing program, the years of birth that would result in
the highest risk, thyroid cancer risks specific to each sex, radioactive fallout and
I-131, natural occurrence of thyroid cancer, the benefits and possible harms of
thyroid disease screening, the prognosis of thyroid cancer once it is diagnosed,
and information about seeking counseling and guidance from a family physician
or other medical specialist.

Again, the intent of the committee is to provide an example of a relatively
simple procedure to assist in assessing and communicating an individual person’s
risk of developing thyroid cancer following exposure to the Nevada tests. In addi-
tion, the method should be accompanied by information about thyroid cancer and
the potential benefits and harms of thyroid cancer screening similar to that de-
scribed in Chapter 4. The committee expects that the brochure material, of which
this would be a part, could be made available to those persons seeking informa-
tion from DHHS about their risk related to the Nevada test. The committee does
not suggest using the method as a mass screening device.

The following steps present the method as it might be written in a brochure.

HOW YOU CAN ESTIMATE YOUR RISK FROM EXPOSURE TO I-131
FROM RADIOACTIVE FALLOUT DURING THE 1950S

Step 1. Determine whether risk is likely.

Procedure: If you were born after 1910 but before 1960, you might be at
some risk of fallout-related thyroid disease. Continue to Step 2. If you were born

2A note of explanation is required here in defense of the construction of this method. Though the
committee feels the individual county dose estimates represent an over-statement of precision, the
development of three categories would effectively collapse the wide range of individual county esti-
mates (iodine concentration in milk or average dose) into three general categories: low, medium,
high. The committee believes that this level of discrimination between counties is possible and defen-
sible. We refer the interested reader to Beck and others (1990, p. 571) for a map of cesium deposition
over the continental United States as an example of the level of discrimination among counties that is
suggested here.
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at another time, you do not need to continue further. Your risk from exposure to I-
131 released by the nuclear weapons tests is near zero.

Explanation: Because age at exposure is the major determinant of risk, the
first step is to decide whether there is an appreciable individual risk, based on age
at the time of the nuclear testing program. For anyone born after the completion
of testing, the risk as a result of the nuclear testing would have been zero,3 that is,
there would have been no exposure to the I-131 released from the tests. Equally,
for anyone over the age of 20 years in 1951, although there might have been
exposure, the risk would have been miniscule and would have been essentially
zero for anyone over the age of 40. Thus, there is a potential risk for people born
after 1910 and before 1960. Anyone else has zero risk, and need not continue
with this procedure.

Step 2. Obtain multiplier factors from Table 1A or 1B.

Procedure: If you drank commercial milk routinely, obtain a factor from
Table 1A. If you routinely drank milk from your or your neighbor’s backyard
cow or goat, obtain a factor from Table 1B.

Explanation: The NCI (1997a) report shows that the most important route
of exposure to I-131 was milk consumption. The contamination of milk was a
result of the contamination of the pastures where the animals fed. Because milk is
not always consumed at or even near where it is produced, the distribution system
for commercial milk was one factor that determined the variation in doses across
the United States. If milk was supplied by a backyard cow or goat, the main
determinant for dose was the amount of fallout where the animal was pastured,
presumably near the home of those who consumed the milk. Thus, the second
step in the self-assessment is to determine whether the main source of milk was a
commercial source (A) or private (B).

Those who consumed mostly cows’ milk from a commercial source during
the testing refer to Table 1A, which is derived from the NCI data using as a
reference group, males aged 5-14 who drank average quantities of milk during
the 6 major test series between 1951 and 1957. Commercial milk supplies were
not necessarily produced and consumed in the same counties, the geographic
distribution of exposure reflects the pattern of distribution.

Milk from a backyard animal was likely to be more contaminated because of
the much shorter time between milking and consumption and because of the pos-
sibly wider area over which such animals grazed due to the smaller amounts of
supplemental (uncontaminated) feed provided. Exposure is related to deposition

3There is a baseline risk of thyroid cancer as discussed in Chapter 3. The Percentage Lifetime Risk
in the absence of radiation exposure (over that of natural background radiation) is 0.42 percent for
males and 1.07 percent for females. These concepts are described in Chapter 3 and the Addendum to
Chapter 3 of this report but would require elaboration in the public materials.
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in the area. Thus, to determine relative risk according to location, use is made of
Table 1B, in which the counties are divided into 3 categories—low, medium, and
high deposition. The allocation of counties was determined for males, drinking
average quantities of milk from a backyard cow summed over the 6 major test
series between 1951 and 1957. The multiplier from Table 1A for the county of
main residence during the testing is thus selected as the starting point for the risk
self-assessment. Table 1B is analogous to Table 1A but the distribution of coun-
ties in the low-, medium-, and high-deposition categories is somewhat different.

Step 3. Obtain factors from Table 2.

Procedure: Obtain 3 factors from Table 2: A factor for age at the time of the
tests, a factor for your gender, and a factor for milk consumption rate at the time
of the tests.

Explanation: Several factors are important for assessing individual risk. Age
is a major determinant both because the young thyroid is more sensitive to the
effects of radiation and because the younger the child, the smaller the mass of the

TABLE 1A Multipliers for County of Residence at Testing for Those
Drinking Commercial Milka

COUNTYb MULTIPLIERc

Low  COL
Medium  COM
High  COH

a If no milk was consumed, use a multipler of       (this value accounts for inhalation and other minor
exposure pathways).
b List of counties to be supplied by DHHS.
cAbbreviations for variables are provided here; numerical values would need to be developed.

TABLE 1B Multipliersa for County of Residence at Testing for Those
Drinking Milk from Backyard Cows or Goats

COUNTYa MULTIPLIERb for Cows’ Milk MULTIPLIERb for Goats’ Milk

Low CML GML
Moderate CMM GMM
High CMH GMH

a List of counties to be supplied by DHHS.
b Abbreviations for variables are provided here; numerical values would need to be developed.
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thyroid, which leads to a higher concentration in the gland. Because intake of
radioactive iodine is relatively constant with age, radiation doses are usually
greater in smaller children. Both factors are considered in determining the multi-
pliers given in the age panel of Table 2. A proportion of exposure came from
sources other than milk (often as much as one-third of the total) so a different
multiplier should be assigned to the non-milk drinker. Persons who consumed
more milk than the average are allocated a multiplier of __. Finally, a gender-
specific factor is included because females are more sensitive to cancer induction
by a factor of about __.

Step 4. Determine individual relative risk.

Procedure: Multiply the 4 factors obtained from Steps 2 and 3 to determine
your relative risk value.

Explanation: The product of the 4 factors is a number that indicates the risk
of developing thyroid abnormalities (cancer in particular) as a result of exposure
to I-131 from the nuclear weapons testing. This value is risk relative to the group
of males aged 5-14 and above at the time of the testing. Men in that age group are
the “reference category” because, of all the age and gender combinations, they
represent the group with the lowest risk of exposure-induced disease (older men
were of minimal, if not zero, risk). The risk of those in the reference category is
about         on the scale developed here. The risk anyone else might calculate could
be as high as        . Example calculations are provided to assist the reader.

TABLE 2 Multipliers for Age at Testing, Gender and Milk Consumption

FACTOR MULTIPLIERa

Age during Nuclear Testing (select your year of birth)
1955-1960 (0-4 years during second half of test series) A0-4
1950-1955 (0-9 years) A0-9
1945-1950 (5-14 years) A5-14
1940-1945 (10-19 years) A10-19
1935-1940 (15-24 years) A15-24
1910-1935 (25-39 years) A25-39

Milk Consumption Rate (typical per day)
None CR0
Average (0.5 to 0.7 quart/day [or liter/day]) CRavg
Twice or more the average CR2x

Gender
Male GM
Female GFM

aAbbreviations for variables are provided here; numerical values would need to be developed.
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Here are some examples of the way the calculations would work.

• Male, born in 1941, living in county “a” (medium-deposition county) who
drank commercial milk at twice or more the average rate in the 1950s:

From Table 1A, column 2 COM
From Table 2, age section A10-19
From Table 2, milk consumption section CR2x
From Table 2, gender section GM
Risk (relative to reference group) = COM × A10-19 × CR2x × GM

• Female, born in 1951, living in county “b” (high-deposition county) who
drank milk from a backyard goat at the normal rate:

From Table 1B, column 3 GMH
From Table 2, age section A0-9
From Table 2, milk consumption section CRavg
From Table 2, gender section GFM
Risk (relative to reference group) = GMh × A0-9 × CRavg × GFM

Table 3 provides information for the person making the assessment for under-
standing the calculated risk value.
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TABLE 3 Interpreting the Results

WHAT YOU
 SCOREa WHAT IT MEANS SHOULD DO

aThe committee has discussed the issues of public numeracy and suggests that a useful scale would be
a range from less than 1.0 to 100.
bLifetime risk for unexposed persons is discussed in Chapter 3 of this report.
cThis committee recommends that DHHS develop suitable written materials as part of this model
Web page or brochure that would provide information to the person about the nature and course of
thyroid cancer and the possible risks and benefits of testing for thyroid disease. The written material
might use some of the information provided in this report in the background paper (Appendix F) and
from the section of Chapter 4 that addresses the benefits and harms of screening. Information con-
cerning thyroid cancer is available on numerous Web sites including those of the NCI, the American
Cancer Society, the Hanford Health Education Network, and the American Thyroid Association.

Nothing.

Nothing.

If you are
concerned, read the
enclosed section of
this brochure about
thyroid cancer.c

If you are
concerned, read the
enclosed section of
this brochure about
thyroid cancer.c

Less than –––– For all practical purposes, you have no risk of
radiation related thyroid cancer. Your lifetime risk of
developing thyroid cancer is the same as for people
not exposed to radiation, about 1 in 400 for males, and
1 in 150 for females.b

_____ to _____ You have been exposed to a risk of very small
magnitude; when compared with many other risks, it
is of little consequence. Your lifetime risk of
developing radiation related thyroid cancer is equal to
an increase of a few percent over the background rate
of thyroid cancer. This would mean your lifetime risk
would be about 1 in _____ for males, and about 1 in
_____ for females.

_____ to _____ You have been exposed to a moderately increased risk
of thyroid cancer. Your lifetime risk of radiation
related thyroid cancer is about twice that of people not
exposed to radiation, or about 1 in _____ for males,
and 1 in _____ for females.

_____ to _____ Your risk of thyroid cancer could be significantly
greater than normal. Your lifetime risk of radiation
related thyroid cancer could be within the following
range: on the low side it would be 1 in _____ for
males, and 1 in _____ for females; on the high side it
could be as much as 1 in _____ for males or 1 in
for females.
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6

Research Needs

Thyroid cancer is one of the better studied malignancies associated with ex-
posure to ionizing radiation, but there are still many gaps and shortcomings in the
data currently available. These deficiencies impinge on our ability to estimate
risk appropriately, to delineate those factors that modify risk (such as age at expo-
sure), to understand the biologic processes that underlie the occurrence of and
prognosis for radiation-related thyroid cancer, to distinguish between those thy-
roid nodules that ultimately will be harmful to the patient from those that are not,
and to communicate to members of the public and health care professionals the
risk that results from exposure to ionizing radiation. The Committee on Exposure
of the American People to I-131 from Nevada Atomic-Bomb Tests has examined
the more salient of these needs and sets out below a series of recommendations
for research. These recommendations are by no means exhaustive, but they at-
tempt to address the more pressing issues the U.S. Department of Health and
Human Services (DHHS) must confront. For convenience, these recommenda-
tions and their rationales are set out under four rubrics: epidemiology, the biology
of radiation-related thyroid cancer, clinical practice, and risk communication.

Though this committee does not believe that further research into under-
standing all of the impacts of global fallout on the continental United States will
make an important contribution to current public health, there are those that might
desire a more complete understanding of this matter. Presently, sufficient infor-
mation does not exist to easily evaluate the possible increase in disease rates in
the United States due to exposure of the public to fallout of other radionuclides
from U.S. tests or global fallout from tests conducted in other countries. For such
an evaluation, further reconstruction of deposition records, transfer of radio-
nuclides in the environment, and calculations to support various exposure sce-
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narios would be needed. Such an effort would easily be on the scale or greater of
that which NCI accomplished in support of its 1997 report. This ought to only be
considered as a research recommendation if the government or public believes
attaining a fuller understanding of nuclear testing to be an issue that supercedes
other more basic health issues.

EPIDEMIOLOGY

The report of the National Cancer Institute (NCI 1997a), together with the
presentation material provided by Charles Land (Appendix B, this report), gives a
theoretical basis for positing that nuclear-weapons testing at the Nevada Test Site
led to exposures to the thyroid that resulted in significant excess risk of thyroid
disease for some members of the population of the United States, depending on
age, geography, and individual consumption and source of milk. As indicated in
Land’s analyses, and as further discussed in Chapters 2 and 3 of this report, there
are still important uncertainties in the assessment of the size of the exposures and
their influence on thyroid cancer risk. No epidemiologic evidence was presented
either in the NCI (1997a) report or in concomitant releases of information that
thyroid cancer risk differs significantly by birth cohort, geography, or behavior as
a consequence of the iodine-131 fallout from weapons testing. It would be prema-
ture in this committee’s view to initiate changes in medical practice based solely
on the theoretical calculations unless there is also empirical evidence of an in-
creased risk. Accordingly, a comprehensive study of past incidence of thyroid
disease—using the full range of resources from existing tumor registries, includ-
ing but not restricted to those associated with the Surveillance, Epidemiology,
and End Results (SEER) program—is clearly important and essential to more
realistic risk estimates. Such studies have the statistical power to detect increases
in risk of the size predicted by Land, by birth cohort, and possibly by geography.

Studies of current incidence (case-control studies) are feasible and would be
useful in evaluating whether behavioral factors such as milk consumption in the
1950s are indeed related to individual risk. For example, a study of 500-1,000
cases matched to an equal number of controls would have good statistical power
to detect increases due to behavioral factors (milk consumption), of 50 percent or
more. Such a difference in risk would correspond to a difference of 0.08 Gy in
dose using the Ron and others (1995) risk estimates for those exposed as very
young children. The most heavily exposed birth cohort (persons exposed between
the ages of 0 and 4 in 1952) consists of approximately 18 million people. At an
average current rate of thyroid cancer of 11 per 100,000 person-years (assuming
a 40 percent increased risk due to exposure), this entire cohort would produce
about 2,000 cases of thyroid cancer in a year. Case-control studies, however, are
likely to be subject to recall biases—especially given the degree of publicity the
release of the NCI report received. Nevertheless, case-control studies would
appear to be the only reasonable way of empirically relating behavior to risk.
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Therefore, this committee recommends that NCI consider the feasibility of such
studies carefully, with attention given in study design and analysis to minimizing
or controlling recall biases to the extent possible.

The need for more epidemiologic data on the effects of exposure of young
people to I-131 is acute. Weapons testing took place in several other parts of the
world, in some cases with even greater fission yields than in Nevada. The NCI’s
dose reconstruction for Nevada is by far the most comprehensive for such situa-
tions to date, and it reveals the great range at which doses to the thyroid gland of
public health significance can apply to specific groups in the population. Al-
though the likelihood of a resumption of atmospheric testing is remote, accidents
to nuclear facilities also can release substantial quantities of I-131, as demon-
strated in 1986 by the Chernobyl reactor accident. The dramatic and early in-
crease in cancer of the thyroid among individuals exposed in childhood after this
accident was clearly visible because of the very low spontaneous incidence of the
disease. As the exposed population ages and as spontaneous incidence rates in-
crease, the task of identifying the proportion of thyroid disease attributable to I-
131 exposure will become increasingly difficult. Nevertheless, the Chernobyl
experience provides a unique opportunity to learn for the future and gain further
information relevant to the public-health consequences of the Nevada testing.

A recent editorial (Baverstock 1998) drew attention to the need for a coher-
ent international response to ensure that the opportunity to learn from this experi-
ence is not lost. And in this regard, this committee urges continued support of the
collaborative study involving NCI and the Ukrainian Research Center for Radia-
tion Medicine of thyroid cancer among Ukrainian children exposed to the
Chernobyl accident.

BIOLOGY OF RADIATION-INDUCED THYROID CANCER

Several questions of significance remain with respect to the biology of radia-
tion-induced thyroid cancer. The first and most important is that of the relative
biological effectiveness (RBE) of I-131 compared with external exposure. There
is a discrepancy between previously held thoughts on the RBE of I-131 and the
data from Chernobyl, which suggest an RBE closer to 1. Experimental studies
have demonstrated no difference in effectiveness between x-rays and I-131 (Lee
and others 1982). It is appropriate to consider performing further experimental
studies to address the question of x-ray versus I-131 RBE more compellingly.

A second question is that of whether there is any difference between the
biologic behavior of radiation-induced versus spontaneous thyroid cancer. Some
reports suggest that radiation-induced lesions are more aggressive and malignant,
but it is not clear how well-founded these reports are. Further studies of the rela-
tive malignancy of radiation-related and spontaneous thyroid neoplasms will be
important in understanding the true risk for exposed populations.

Recent evidence provided by Jhiang and others (1996) shows that ret/PTC1
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(papillary thyroid cancer 1) is a genetic event leading by itself to the development
of thyroid carcinoma in transgenic mice, an observation that has been confirmed
(Santoro and others 1996). Those observations provide strong evidence for the
role of ret rearrangements in the development of papillary thyroid cancer, which
should be considered in recommendations for future research in patients exposed
to radiation from atomic weapons fallout. Moreover, such research could have an
important bearing on the nature of the dose-response relationship for thyroid can-
cer. If, for example, the ret oncogene is commonly activated by a paracentric
inversion, a two-hit chromosomal phenomenon, this would suggest a probable
linear-quadratic dose-response relationship because paracentric inversions be-
come more likely at higher doses where two hits increase in frequency.

CLINICAL PRACTICE

As set forth in Chapter 3, the introduction of sophisticated diagnostic tests,
such as ultrasonography, has resulted in the discovery of many microcancers that
are unlikely to harm the patient. A major challenge for medical research is to
differentiate those microcancers that are clinically significant from those that will
never harm the patient. Failure to make this differentiation will result in some
patients undergoing treatment for harmless diseases and others having their dis-
eases ignored imprudently. This problem of microcancers is not unique to the
thyroid gland;  they are found even more commonly in the breast and prostate.
The committee therefore recommends support of clinical studies designed to
achieve a better means of differentiating between potentially harmful and harm-
less microcancers.

RISK COMMUNICATION

Studies of how to communicate risk appropriately are far more meager than
are studies of the risks themselves. Agencies and policy makers historically have
been more willing to acknowledge the role of expertise in questions about scien-
tific process than in questions about communication. Thus, the communication
advice offered in this document is grounded in fewer studies than are the delib-
erations about the risk of thyroid cancer or the process and prognosis of that
disease.

DHHS would be well served by efforts to understand better how individuals
make judgments about risk situations and, more specifically, how they use infor-
mation to do so. Particularly relevant to the thyroid cancer situation are the fol-
lowing questions:

• What analytical skills do individuals bring to information about frequency
and magnitude of risk?
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• How can communicators offer explanations of risk concepts and processes
that convey the intended meanings?

• How do individuals make decisions about whom they trust when seeking
information about risks?

• How should risks be communicated so that affected audiences are likely
to interpret the information offered as being personally relevant?

• When an information source has lost its credibility, how does that source
legitimately regain trust?

Given the significant uncertainties surrounding I-131 exposure and cancer
risk, the committee suggests that DHHS consider research to develop a better
understanding of how people perceive the benefits and harms of cancer screening
and how those perceptions are affected by different ways of presenting quantita-
tive information and different ways of structuring clinician-patient communica-
tion. In addition to studies not specific to thyroid cancer or radiation-exposed
populations, the evaluation component of the Agency for Toxic Substances and
Disease Registry (ATSDR) medical-monitoring program might consider the fea-
sibility of a controlled study to compare different information formats or different
counseling strategies for patients who come in for testing.

As envisaged, the ATSDR medical-monitoring program is not likely to pro-
duce useful information about mortality effects of screening for thyroid cancer
because people who are screened would be self-selected, and high long-term sur-
vival rates can be expected without screening. The program’s reports on positive
and negative screening results and subsequent follow-up tests, procedures, and
findings should still be tracked. In considering its research priorities, DHHS might
also consider an outside evaluation of patient experience and perceptions of harms
and other benefits of the ATSDR program, although it is not clear that the results
could be generalized.
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Glossary

ABCC. See Atomic Bomb Casualty Commission.

Atomic Bomb Casualty Commission (abbreviated ABCC). The agency of the Japa-
nese Ministry of Health and Welfare and the U.S. National Academy of
Sciences charged with the responsibility for the study of the survivors of
the atomic bombings from the inception of the investigations in 1947 until
1975.

Becquerel (abbreviated Bq). The measure of activity proposed by the Systeme
International and equal to one nuclear disintegration per second.

Bq. See Becquerel.

Ci. See Curie.

Curie (abbreviated Ci). The measure of activity used until the introduction of the
Becquerel. One Curie is equal to 3.7 × 1010 nuclear disintegrations per
second or to 3.7 × 1010 Becquerels.

DDREF. See dose and dose-rate effectiveness factor.

Dose and dose-rate effectiveness factor (abbreviated DDREF). A measure of the
extent to which radiation-related damage accruing at a high dose rate is
ameliorated when the dose rate is low. This value will presumably vary
with the endpoint measured, but it is not known precisely for such end-
points as incidence of or death due to cancer. Experimental studies sug-
gest a value between 5 and 20, but the epidemiological data derived from
the studies of the atomic bomb surveyors imply a lower number, possibly
1 to 2.
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EAR. See excess risk.

ERR. See excess risk.

Excess risk. Risk, whether it is relative or absolute, is often expressed in terms of
the excess that it represents over expectations in the absence of exposure
to a carcinogenic agent, radiation in this instance. Excess relative risk
(ERR) is, therefore, merely the observed relative risk minus 1, the value
expected in the absence of an effect of radiation. Similarly excess abso-
lute risk (EAR) is the number of incident cases or deaths at a particular
dose above the number that would be expected in the absence of a radia-
tion-related increase.

Exposure. Technically, exposure is the amount of air ionized by radiant energy,
specifically, the amount of electrical charge produced in 1 cc of air under
condition of electron equilibrium. More commonly, and in the present
context, it simply means the presence of an individual in a field of radia-
tion.

Geometric mean (abbreviated GM). The geometric average of a series of n posi-
tive numbers; it is equal to the nth root of their product. As an illustration,
the geometric mean of the numbers 2 and 8 is the square root of 16 (their
product) or 4. The GM is approximately the median (50th percentile) of a
distribution of numbers whose logarithms are normally distributed.

Geometric standard deviation (abbreviated GSD). The geometric standard devia-
tion is the antilog of the standard deviation of the natural logarithms of a
set of numbers. The GSD is usually used to describe the variation of a set
of data that is positively skewed.

GM. See geometric mean.

Gray (abbreviated Gy). The SI unit of absorbed dose equal to 1 joule per kilo-
gram, or 100 rad. The unit derives its name from the English biophysicist
Louis Harold Gray.

GSD. See geometric standard deviation.

Gy. See Gray.

Kriging. Kriging is defined as the process of estimating the value of a spatially
distributed variable from adjacent values while considering their interde-
pendence.

Probability of causation. A number that expresses the probability that a given
cancer, in a specific tissue has been caused by a previous exposure to a
carcinogenic agent, such as ionizing radiation.

rad. The unit of absorbed dose used prior to the introduction of the Gray. One rad
is equal to 100 ergs per gram or 0.01 Gy.

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


GLOSSARY 175

Radiation Effects Research Foundation. The research institution currently
charged with the study of the health effects of exposure to the atomic
bombing of Hiroshima and Nagasaki; it is the successor to the Atomic
Bomb Casualty Commission and is jointly administered and funded by
the governments of Japan and the United States.

Rainout. The washing out of radionuclide-containing particles by rain falling to
the earth’s surface.

RBE. See relative biological effectiveness.

Relative biological effectiveness (abbreviated RBE). The biological effectiveness
of one form of radiation as compared with another to produce the same
biological endpoint. It affords the means to combine doses when an indi-
vidual is exposed to a variety of forms of radiation.

rem. The “dose equivalent” (H) and its unit, the rem (roentgen equivalent-man),
were introduced to account for the different biologic effects of the same
absorbed dose from different types of radiation; H is the product of D, Q,
and N at a point of interest in tissue, where D is absorbed dose, Q is the
quality factor, and N is the product of any other modifying factors (1 rem
= 0.01 Sv).

Risk, absolute (abbreviated AR). The excess number of deaths (or cases) above
that “normally” expected in some population in the absence of exposure
to ionizing radiation beyond that to which everyone is subjected because
of the radiation emanating from the earth’s crust or originating in outer
space.

Risk, attributable. The percentage of deaths or cases ostensibly assignable to a
specific cause, in this instance, ionizing radiation.

Risk, relative (abbreviated RR). The ratio of the risk in one population to that in
another; for example, the ratio of the risk among individuals exposed to 2
Gy as contrasted with the background risk.

SEER. The Surveillance, Epidemiology, and End Results (SEER) Program was
developed as a result of the National Cancer Act of 1971, which mandated
the collection, analysis, and dissemination of all data useful in the preven-
tion, diagnosis, and treatment of cancer. SEER is a continuing project of
the National Cancer Institute to collect cancer data on a routine basis from
designated population-based cancer registries in various areas of the
country.

Sensitivity analysis. An analysis of the variation in the solution of a problem with
variation in the values of the parameters involved. Basically, it is a method
of determining how dependent a solution may be on the values assigned to
the parameters in a model by the investigator(s).
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Sievert (abbreviated SV). A unit of dose equivalent to the dose in Gray times a
quality factor times any other factors that may modify the dose. The name
is derived from the Swedish physicist Rolf M. Sievert.

SIR. Standardized incidence rate is the incidence (new cases in a time interval)
rate adjusted to a population of standardized age distribution. It is usually
equal to the ratio of the number of observed cases to the number of ex-
pected cases.

SMR. Standardized mortality rate is the mortality (death) rate adjusted to a popu-
lation of a standardized age distribution. It is usually equal to the ratio of
the number of observed deaths to the number of expected deaths.

Sv. See Sievert.

Uncertainty analysis. Models are merely approximations of real systems, and as
such their predictions are inherently uncertain. Uncertainty analysis seeks
to quantify the error inherent in each step in the modeling process and to
propagate these errors through the entire process in order to estimate the
overall possible error (or uncertainty).
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Appendix A

Study Activities

To undertake this study, the IOM and the NRC established two committees
(see rosters at the front of this report and the Committee Biographies). In its
request to the IOM and the NRC, the NCI asked that the work of the Institute of
Medicine and the National Research Council be conducted in public to the fullest
extent possible. Consistent with the policies of the National Academy of Sciences,
the committees conducted their fact-finding activities in public meetings and met
in closed session only to consider findings and recommendations. The commit-
tees sought to hold as many open sessions as was consistent with its resources,
charge, and Academy policy. At their first meetings in December 1997, both
committees examined their composition to make certain that necessary expertise
and perspectives were represented, and no significant conflicts of interest or bias
existed. Those members of the committee who could not be present participated
through a conference call.

The IOM Committee on Guidelines for Thyroid Cancer Screening after Ex-
posure to Radioactive Iodine Fallout was appointed to focus on clinical and pub-
lic health issues and policies. It included experts in preventive services, thyroid
cancer diagnosis and management, medical decision-making, practice guideline
development and implementation, and public health policy. The IOM committee
met three times—in December 1997, March 1998, and April 1998. The first meet-
ing on December 20 was a three-hour, closed organizing session. For the second
meeting, the committee organized a March 17-18 workshop on thyroid cancer
screening in which the NRC committee members also participated (see the end of
this appendix for the agenda). At a closed one-day meeting on April 11, the com-
mittee reached final agreement on its conclusions and recommendations.
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The NRC Committee on Exposure of the American People to I-131 from the
Nevada Atomic Bomb Tests included people with expertise in thyroid disease,
epidemiology, risk assessment, radiobiology, dose reconstruction, health physics,
public health, risk communication, clinical practice, and medical ethics. The ma-
jority of this group, which focused on the first five tasks listed above, were al-
ready serving on the NRC Committee on an Assessment of CDC Radiation Stud-
ies and had accumulated considerable experience in dose reconstruction in the
course of its work for the Centers for Disease Control and Prevention (CDC).
Four individuals served on both committees.

The NRC committee met five times—in December 1997, January 1998, Feb-
ruary 1998 (two meetings), and March 1998. In an open session December 19,
the NRC committee and observers received some six hours of detailed briefings
on the National Cancer Institute Report by the investigators. This began with an
Introduction and Overview of the Study by Dr. Bruce Wachholz, and was fol-
lowed by presentations on the “Estimation of the Activities of I-131 Deposited on
the Ground” by Drs. Harold Beck and Lester Machta, on the “Transfer of I-131
from Deposition on the Ground to Fresh Cows’ Milk” by Mr. Paul Voillequé and
Drs. Mona Dreicer and André Bouville, on “Milk Production, Utilization, Distri-
bution and Consumption” by Dr. Mona Dreicer, on “Dose Conversion Factors”
by Dr. Jacob Robbins, on “Dose Reconstruction Methodology” by Dr. André
Bouville, and finally on the “Estimated Thyroid Doses” by Drs. Lester Machta
and Bruce Wachholz. These presentations were followed by a brief description of
the methods employed to assess the risks of thyroid cancer resulting from the
estimates of thyroid dose by Dr. Charles Land (see Appendix B). It should be
noted that the estimates of the lifetime risk of thyroid cancer and the possible
number of individuals so affected are not included in the two volume report but
were provided to the committee in the form of a memorandum addressed to Dr.
Richard Klausner, the Director of the National Cancer Institute, and subsequently
a revised version as a communication to the committee. The questions raised by
the committee centered on the reconstruction of the doses, and in particular, the
use of kriging to estimate county values where direct measurements were not
available, on the methods used to determine the uncertainties in the estimates of
dose, and on the assumptions inherent in the estimates of the lifetime risk of
thyroid cancer.

This briefing was followed by statements from Drs. Lynn Anspaugh, Donald
Myers, Roy Shore, and F. Owen Hoffman, who performed supporting experi-
mental research at Oak Ridge National Laboratory during the mid 1980s. Given
the idiosyncratic nature of dose reconstructions, these four consultants to the com-
mittee were asked to present their views on the dosimetry and dose reconstruction
used in the report, the risk factors developed by the investigators and epidemio-
logical considerations for thyroid disease, and the appropriateness of the use of
spatial interpolation and kriging to assign putative exposures where no direct
measurements were available. Parenthetically, kriging is an algorithm for esti-
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mating the value of a spatially distributed variable from adjacent values while
considering their interdependence. These presentations were followed by state-
ments from the public including a prepared statement from Mr. E. Cooper Brown
of the law firm of Cummins and Brown on the need for openness of all committee
sessions.

On the second day of the NRC committee meeting, Dr. F. Owen Hoffman
identified several issues relevant to the committee’s charge that needed further
discussion, and members of the IOM Committee on Thyroid Screening Related
to I-131 Exposure, specifically Drs. Robert Lawrence and Steven Pauker, and co-
study director Marilyn Field, discussed the approach being taken by the IOM in
consideration of clinical and public health policies related to iodine-131 exposure
and the risk of thyroid cancer. The NRC committee then grappled with the pro-
posed structure of its report and the designation of writing assignments.

The second meeting of the NRC committee was held at the National Acad-
emy of Sciences’ Beckman Center in Irvine, California on January 16-17, 1998.
There the committee continued discussion of the charge, the structure of the re-
port, and fact-finding. The first day of this meeting was in open session, and
included three conference calls. The first of these involved Dr. Paul Gilman of the
National Research Council’s Commission on Life Sciences and dealt with the
Academy’s position and its legal obligations with respect to the issue of the open-
ness of the committee’s deliberations. The second was to Dr. Carl A. Gogolak of
the Environmental Measurements Laboratory of the Department of Energy from
whom the committee sought more information on how the kriging had been ap-
plied. Finally, the third was to Drs. Elaine Ron of the Radiation Epidemiology
Branch of the National Cancer Institute and Jay A. Lubin of the Biostatistics
Branch of the same institute who provided further information on the study they
published in 1995 utilizing the data from some seven studies of the health effects
of exposure to I-131. Their help was requested in further analyses of these data.
This day’s activities ended with presentations from three members of the public:
Mr. James P. Thomas of Short, Cressman & Burgess, Attorneys-at-Law, in Se-
attle, Mr. Fred Allingham, Administrative Director of the National Association of
Radiation Survivors, and Mrs. Kymberlee Burnell, a psychotherapist who spoke
on her own behalf.

The second day focused on continued discussion of the structure of the re-
port, and how best to integrate the work of the IOM committee investigating
clinical and public health policies and the results to emerge from the Workshop
on Thyroid Cancer Screening and Health Implications of Exposure to Radioac-
tive Iodine Fallout to be held in Washington, D.C. on March 17-19, 1998. The
meeting ended after agreement was reached on the dates of the next three com-
mittee meetings and further writing assignments were made.

The third meeting of the NRC committee occurred on February 10th and
11th, 1998, at the National Academy of Sciences in Washington. The first of
these two days involved closed discussion of the report, and identification of
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areas where further fact-finding was indicated. The second day was open and
attended by the committee’s consultants as well as representatives of the public
and other federal agencies whose activities impinge on the charge before the
committee. Presentations were made by Dr. John Bagby, Mr. Tim Connor, and
Ms. Trisha Pritikin, representing the Advisory Committee on Energy Related
Epidemiological Research (ACERER) of CDC’s National Center on Environ-
mental Health (NCEH) and the National Institute of Occupational Safety and
Health (NIOSH), by Dr. Robert Spengler of the Division of Health Studies of the
Agency for Toxic Substances and Disease Registry (ATSDR), by Dr. Kenneth
Kopecky of the Fred Hutchinson Cancer Research Center and one of the principal
investigators in the Hanford Thyroid Disease Study, by Mr. Seth Tuler of the
Center for Technology, Environment and Development (CENTED) of Clark Uni-
versity, and by Mr. James Thomas of Short, Cressman and Burgess, Attorneys-at-
Law, in Seattle.

The fourth meeting of the NRC committee occurred on February 27th and
28th in Las Vegas, Nevada. On the first of these days the committee continued to
develop its report and to explore alternative ways and language to respond to its
charge. The second day of the meeting was open to the public and centered on
discussion of the ways in which the risks and the public health consequences
could best be communicated to the public. Some 14 members of the public or
representatives of concerned groups were present and most participated in the
discussion. To maximize interaction, the members of the committee discussed
the charge before them, the nature of the National Research Council and its com-
mittee activities, and the time constraints under which the committee is operating.
To further public understanding of the findings of the National Cancer Institute,
these findings and those of the ORERP Study as well as the dose reconstruction
methods they employed were contrasted by Dr. Lynn Anspaugh. In addition, on
behalf of the committee, Drs. Keith Baverstock, F. Owen Hoffman, and Henry
Royal presented a series of alternative ways in which risk might be presented for
public reaction. Responses to these alternatives were made by Ms. Trisha Pritikin
of ACERER, Mr. Richard A. Nielsen, Executive Director of Citizen Alert, and
others.

As a possible paradigm for the NRC committee’s recommendations to the
Secretary of the Department of Health and Human Services, Ms. Bea Kelleigh,
the Executive Director, Cedar River Associates, under contract with the Hanford
Health Information Network to develop public information, described at some
length the steps that have been and are being taken by the Hanford Health Infor-
mation Network to inform the public of the findings of the studies associated with
the Hanford Nuclear Facility and their public health implications.

On March 17, the committee met briefly in closed session in advance of the
workshop organized by the IOM committee considering the clinical and public
health policy implications of iodine-131 exposure and thyroid cancer risk. The
workshop agenda and participants list is provided below.
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WORKSHOP ON THYROID CANCER SCREENING AND HEALTH
IMPLICATIONS OF EXPOSURE TO RADIOACTIVE IODINE

FALLOUT

March 17-18, 1998 • Washington D.C.

AGENDA

TUESDAY, MARCH 17 LECTURE ROOM, 2101 Constitution Avenue NW

1:00 Welcome, Introductions, and Workshop Overview
Robert Lawrence, M.D., IOM Workshop Chair; Johns Hopkins University
School of Public Health
Marilyn Field, Ph.D., Co-Study Director, IOM
Charles Land, Ph.D., Project Officer, National Cancer Institute
James Smith, Ph.D., Centers for Disease Control and Prevention

1:20 Review of I-131 Exposure Analysis and Estimates
William Schull, Ph.D., Chair, NRC Committee on I-131 Exposure
University of Texas, Houston School of Public Health

1:40 Overview of Thyroid Cancer and Other Thyroid Disease
Natural History, Management, and Prevalence
Ernest Mazzaferri, M.D., IOM Committee Member
Ohio State University Medical Center
Description of Screening and Diagnosis Options
William Charboneau, M.D., IOM Committee Member
Mayo Clinic
Virginia LiVolsi, M.D., IOM Committee Member
Hospital of the University of Pennsylvania

2:20 Break
2:40 Developing and Implementing Clinical Practice Guidelines for Can-

cer Screening
Harold Sox, M.D., Chair, U.S. Preventive Services Task Force
Dartmouth-Hitchcock Medical Center
Lisa Schwartz, M.D. and Steven Woloshin, M.D., Dartmouth Medical
School; Veterans Affairs Outcomes Group White River VAMC
David Ransohoff, M.D., University of North Carolina, Chapel Hill
Robert Thompson, M.D., Group Health Cooperative of Puget Sound
General discussion

4:40 Heuristic Decision Model for Thyroid Cancer
Stephen Pauker, M.D., IOM Committee Member
New England Medical Center
General discussion
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WEDNESDAY, MARCH 18 MEMBERS ROOM, 2101 Constitution Avenue
NW

9:00 Review of the Literature on Thyroid Cancer Screening
Mark Helfand, M.D. and Karen Eden, Ph.D.
Oregon Health Sciences University
Recommendations of Others
Charles Turkleson, Ph.D. and Matthew Mitchell, Ph.D., ECRI

9:45 Discussants:
Arthur Schneider, M.D., University of Illinois, Chicago
Barbara Carroll, M.D., Duke University
Roy Shore, M.D., New York University
Paul Ladenson, M.D., Johns Hopkins University
Robert Spengler, Sc.D. and Richard Reingans, Ph.D., Agency for Toxic
Substances and Disease Registry, CDC
General discussion

12:00 Lunch
1:15 Continued discussion
2:00 Public Health and Consumer Perspectives

Kristine Gebbie, M.D., Former Commissioner of Health, State of Wash-
ington; Columbia University
Morton Rabinowitz, Ph.D., DuPont
H. Jack Geiger, M.D., City University of New York Medical School
Richard Schultz, M.S., Idaho Department of Health and Welfare

3:30 Break
3:45 Public Comment Period
5:45 Adjourn

WORKSHOP PARTICIPANTS LIST

Keith F. Baverstock, Ph.D.
Head of the Radiation Protection

Division
World Health Organization

David V. Becker, M.D.
Professor of Radiology and Nuclear

Medicine
New York Hospital

Clyde Behney
Deputy Executive Officer
Institute of Medicine/National Acad-

emy of Sciences

Stephen A. Benjamin, Ph.D.
Professor of Pathology, Radiological

Health Sciences and Environmental
Health

Colorado State University

Catherine Borbas, Ph.D.
Executive Director
Healthcare Education and Research

Foundation, Inc.

A. Bertrand Brill, M.D., Ph.D.
Professor of Radiology/Physics,

Biomedical Engineering
Vanderbilt University Medical Center
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J. William Charboneau, M.D.
Professor of Radiology
Mayo Clinic and Mayo Medical

School

Evan B. Douple, Ph.D.
Director, Board on Radiation Effects

Research
National Research Council

Sharon Dunwoody, Ph.D.
Evjue-Bascom Professor of Journal-

ism and Mass Communication,
Head of Academic Programs,
Institute for Environmental Studies

University of Wisconsin-Madison

Karen Beekman Eden, Ph.D.
Assistant Professor
Oregon Health Sciences University

Marilyn J. Field, Ph.D.
Co-study Director, I-131 report
Deputy Director of Health Care

Services
Institute of Medicine

Kristine M. Gebbie, Dr.P.H., R.N.
Assistant Professor, Center for Health

Policy and Health Services Re-
search

Columbia University School of
Nursing

H. Jack Geiger, M.D.
Arthur C. Logan Professor Emeritus,

Dept. of Community Health and
Social Medicine

City University of New York Medical
School

Paul Gilman, Ph.D.
Executive Director
Commission on Life Sciences
National Research Council/National

Academy of Sciences

Peter G. Groer, Ph.D.
Associate Professor
University of Tennessee
Department of Nuclear Engineering

Michael F. Hartshorne, M.D.
Professor and Vice Chairman of

Radiology
University of New Mexico and Joint

Imaging Service VAMC Albuquer-
que

Karen Hein, Ph.D.
Executive Officer
Institute of Medicine/National Acad-

emy of Sciences

Mark Helfand, M.D.
Assistant Professor, Division of

Medical Informatics and Outcomes
Research

Oregon Health Sciences University

Allan Korn, M.D.
Vice President and Medical Director
Blue Cross and Blue Shield of Illinois

Paul Ladenson, M.D.
Director of the Division of Endocri-

nology and Metabolism
Johns Hopkins University School of

Medicine

Susan Lederer, Ph.D.
Associate Professor of Humanities
Pennsylvania State University

Laura Leonard
Project Coordinator, Hanford Health

Information Network
Oregon Health Division

Virginia A. LiVolsi, M.D.
Vice Chair for Anatomic Pathology
Hospital of the University of Pennsyl-

vania
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James E. Martin, Ph.D.
Associate Professor of Radiological

Health
University of Michigan

Ernest L. Mazzaferri, M.D.
Professor and Chair, Department of

Internal Medicine
Ohio State University

Kathryn Merriam, Ph.D.
Synthesis, Inc.

Matthew D. Mitchell, Ph.D.
Technology Analyst
ECRI, Inc.

Christopher B. Nelson, B.S.
Environmental Engineer
Environmental Protection Agency

Stephen G. Pauker, M.D.
Vice Chair for Clinical Affairs
New England Medical Center
Department of Medicine

Morton Rabinowitz, M.D.
Media, Pennsylvania

David Ransohoff, M.D.
Professor
University of North Carolina, Chapel

Hill

Richard Reingans, Ph.D.
Health Economist
Agency for Toxic Substances and

Disease Registry

Jacob Robbins, M.D.
Senior Scientist Emeritus, National

Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK)

National Institutes of Health

Henry D. Royal, M.D.
Associate Director, Division of

Nuclear Medicine
Mallinckrodt Institute of Radiology

Arthur B. Schneider, M.D., Ph.D.
Section Chief, Department of Endo-

crinology-M/C 640
University of Illinois at Chicago

William J. Schull, Ph.D.
Chairman
Center for Demographic and Popula-

tion Genetics
School of Public Health
University of Texas

Richard H. Schultz, M.S.
Administrator
State of Idaho
State Division of Health
Department of Health and Welfare

Lisa Schwartz, M.D.
Assistant Professor of Medicine
Dartmouth Medical School

Roy Shore, Ph.D.
Professor, Environmental Medicine
New York University Medical Center
Laboratory of Epidemiology and

Biostatistics

Steven L. Simon, Ph.D.
Co-study Director, I-131 report
Senior Staff Officer
National Research Council

James Smith, Ph.D.
Chief of Radiation Studies Branch,

Division of Environmental Hazards
and Health Effects

Centers for Disease Control and
Prevention

Harold C. Sox, M.D.
Professor and Chair
Dartmouth-Hitchcock Medical Center
One Medical Center Drive

Robert F. Spengler, Sc.D.
Division of Health Studies
Agency for Toxic Substances and

Disease Registry
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Michael Stoto, Ph.D.
Senior Program Officer, Division of

Health Promotion and Disease
Prevention

Institute of Medicine/National Acad-
emy of Sciences

Daniel O. Stram, Ph.D.
Associate Professor
University of Southern California
Department of Preventive Medicine

Robert G. Thomas, PhD
Kallispell, MT

Robert S. Thompson, M.D.
Director, Department of Preventive

Care
Group Health Cooperative of Puget

Sound

Charles M. Turkelson, Ph.D.
Chief Research Analyst
ECRI

R. Michael Tuttle, M.D.
Assistant Chief, Department of Clini-

cal Investigation; Chief, Clinical
Studies Service

Walter Reed Army Medical Center

Samuel A. Wells, M.D.
Professor of Surgery
Washington University School of

Medicine

Steven Woloshin, M.D.
Assistant Professor of Medicine
Dartmouth Medical School

Steven H. Woolf, M.D., M.P.H.
Professor, Department of Family

Practice
Virginia Commonwealth University
Medical College of Virginia
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Appendix B

Copy of the Memorandum from Dr. Charles
Land to Dr. Richard Klausner

DATE: September 23, 1997
TO: Dr. Richard Klausner, Director, NCI
FROM: Charles Land, Ph.D., Health Statistician, DCEG/EBP/REB
THROUGH: Director, DCEG
SUBJECT: Calculation of lifetime thyroid cancer risk for an average thy-

roid dose of 0.02 Gy from I-131 in fallout

My calculations of the thyroid cancer risk that might be associated with exposure
to the American public to 131I fallout from the Nevada Test Site resulted in an
estimated range of 7,500 to 75,000 excess thyroid cancers during the lifetime of
those exposed before 20 years of age. This range of estimates may be compared
with about 400,000 expected, according to current SEER rates, among this seg-
ment of the US population. Thus, the estimated excess is between 2% and 19% of
what might be expected in the absence of exposure. The calculations were based
on a published, pooled analysis of thyroid cancer risk data from 5 cohort studies
of populations exposed during childhood to medical x ray, or to gamma ray from
the atomic bombings of Hiroshima and Nagasaki (Ron et al., 1995). They also
incorporate various assumptions about the relative biological effectiveness (RBE)
of 131I compared to x ray or gamma ray. Significant excess risk was assumed to
occur only following exposure before 20 years of age, in accordance with the
epidemiological literature. A linear dose response was assumed, and the dose-
specific excess relative risk, which was assumed to decrease sharply with in-
creasing age at exposure, was also assumed to remain constant over the lifetime
of the exposed population.
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The calculations (see attached Excel spreadsheet)

Column 1 identifies the exposure ages considered. The first year of life was treated
separately and older ages were grouped: 1-4, 5-9, 10-14, and 15-19. Exposure at
ages older than 20 was ignored because there is little or no evidence of an excess
cancer risk associated with exposure in adult life even to gamma and x-ray irra-
diation. Columns 2 and 3 give the estimated number of persons in the 1952 popu-
lation of the US, by age and sex, as interpolated from 1950 and 1960 census
numbers. The total number exposed at ages 0-19 also includes persons born in
1953, 1954, etc., but the entry into the population of newborn persons is largely
compensated by the loss of persons reaching age 20 in the same years. With a
linear dose-response model and lifetime excess risk, error introduced by acting as
if the population 0-19 years of age in 1952 received all the dose that was actually
received by those who were 0-19 years old during any part of the above-ground
testing period is relatively unimportant.

Column 4 gives age-specific average thyroid doses in rad corresponding to the
assumed average dose of 2 rad (0.02 Gy), based on information provided by
André Bouville (this is why the first year of life was separated from the next
four). As you know, thyroid doses to children are larger than those for adults
because of smaller gland size, higher milk intake, and higher metabolism.

Column 5 gives the age-specific, linear dose-response coefficients for x ray and
gamma ray, derived from Ron et al. (1995). Their overall coefficient for excess
relative risk (ERR) at 1 rad was 0.077. They also did analyses suggesting that the
ERR decreases by a factor of 2 for each successive 5-year interval of age at
exposure, over the range 0-14 years of age. I derived the values in column 5 from
the Ron et al. analysis, and extended the 2-fold reduction rule to 15-19 years at
exposure. In each subsection, the age-specific coefficients have been multiplied
by the specified RBE value.

Columns 6 and 7 are the estimated lifetime excess thyroid cancer rates for males
and females, computed by multiplying the product of columns 4 and 5 by 0.25%
for males and 0.64% for females, respectively; these percentages are the SEER
(1973-1992) report’s estimated lifetime thyroid cancer rates for men and women.
The 1973-1994 SEER volume is now out, and gives 0.27% for males and 0.66%
for females. Use of the new values would increase the total by about 4%.

Columns 8 and 9 were obtained by multiplying columns 2 and 3 by columns 6
and 7, respectively, and column 10 is the sum of columns 8 and 9. One implica-
tion of column 10 is that 75% of all the excess risk is estimated to result from
exposure during the first 5 years of life.

The calculations are repeated for RBE values of 1.0, 0.66, 0.3, and 0.1.
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Sources of uncertainty

NCRP report No. 80, “Induction of Thyroid Cancer by Ionizing Radiation,” 1985,
gave a range of 0.1 to 1.0 for the RBE of thyroid dose from ingested or inhaled I-
131 compared to gamma ray or x ray, based on experimental studies. The report
recommended 0.3 for radiation protection purposes, as the highest credible value.
The NCRP report also stated that the RBE of 131I relative to x ray may be lower at
high doses and dose rates, and higher (nearer to x ray in effectiveness) at low dose
and dose rates. Thus, Walinder (1972, summarized in the NCRP report) obtained
an RBE of 0.1 using 131I thyroid doses in the range 2200-11,000 rad whereas Lee
et al. (1982) found near equivalence using dose groups at 80, 330 and 850 rad.
Laird (1987) conducted parallel and combined analyses of 6 cohorts of children
exposed to external radiation and one exposed to 131I, and reevaluated experi-
mental data from the large study of Lee et al. (1982) specifically designed to
investigate the RBE of 131I. Her RBE estimate was 0.66 with 95% confidence
limits 0.14-3.15 (however, there is no support that I know of for an RBE greater
than 1). The RBE value at low doses remains a contentious issue.

The range of estimates does not take into account statistical uncertainty about the
Ron coefficients or statistical and subjective uncertainty about the estimated av-
erage dose. The Ron estimate of ERR1Gy = 7.7 had 95% confidence limits 2.1-
28.7, corresponding to a geometric standard deviation (GSD) of about 1.95. The
average dose estimated by NCI, 2 rad, was assigned a GSD of 3, and therefore the
product of that dose and the estimated ERR at 1 rad has a GSD of 3.6 (calculated
as the exponential of the square root of the sum of squares of the natural loga-
rithms of 1.95 and 3). Approximate 95% confidence limits for the number of
excess cases are obtained by dividing and multiplying by 12.4 (= 3.61.96). Thus,
for example, ignoring all other possible sources of error, an estimate of 49,000
lifetime excess cases (corresponding to RBE = 0.66) would have confidence limits
4,000-608,000.

According to the model used for the estimates, ERR is constant over time follow-
ing exposure, and about one third of the total excess lifetime risk among men in
the exposed population, and about half among women, should already have taken
place. It is possible, however, that the actual excess relative risk per unit dose
may decline over time following exposure, most of which occurred over 40 years
ago. Ron et al. found significant variation by time following exposure, but did not
find a statistically significant trend. At the present time there are few data on
radiation-related thyroid cancer risk 40 or more years following exposure during
childhood, and therefore little basis for a discussion of the question.
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Written amendment to 23 September memo, provided by Charles Land to
NAS committee on 19 December, 1997

Calculation of the Estimated Lifetime Risk of Radiation-Related
Thyroid Cancer in the U.S. Population from NTS Fallout

1. Thyroid cancer risk associated with gamma-ray and x-ray exposure, from
studies of the Hiroshima-Nagasaki survivors and of various medically-ex-
posed populations, is well quantified. Findings are summarized in a pooled
analysis of seven studies (Ron et al., Radiation Research 1995; 141:259-277).

• The evidence for a radiation-related risk is strong for childhood exposure,
and weak or non-existent for adult exposure.

• Dose-specific excess risk decreases with increasing age at exposure. At
ages 5-9, it is about half that associated with exposure at ages 0-4, and at
10-14 it is about half that at 5-9.

• For any given exposure age, excess risk appears to be proportional to
thyroid dose (linear dose response).

• Ron et al. estimated an excess relative risk (ERR) of 7.7 per Gy, or 0.077
per rad, for childhood exposure at ages younger than 15.

2. The average (case-weighted) exposure age in the pooled data was a little
over 41/2 years. By linear interpolation between the midpoints of the first two
intervals, and extension of the observed reduction in ERR with increasing
age at exposure, the following age-specific coefficients were inferred:

Age at exposure ERR at 1 rad
0-4 0.098
5-9 0.049

10-14 0.0245
> 20 negligible

3. Although there was evidence of variation radiation-related relative risk over
time following exposure, there was no evidence of a trend. Accordingly,
ERR was assumed to remain constant over the remainder of life.

4. Data on risk associated with thyroid exposure from ingested or inhaled 131I
suggest that there is a risk, but precise dose-response estimates are not avail-
able. Accordingly, it is reasonable to use the coefficients developed from
data on x-ray and gamma-ray exposure, with an appropriate value for the
relative biological effectiveness of 131I compared to gamma rays or x rays.

• NCRP report No. 80, “Induction of Thyroid Cancer by Ionizing Radia-
tion,” 1985, gave a range of 0.1 to 1.0 for the RBE, based on experimental
studies. The report recommended 0.3 for radiation protection purposes, as
the highest credible value. The NCRP report also stated that the RBE of
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131I relative to x ray may be lower at high doses and dose rates, and higher
(nearer to x ray in effectiveness) at low doses and dose rates.

• Thus, Walinder (1972, summarized in the NCRP report) obtained an RBE
of 0.1 using 131I thyroid doses in the range 2200-11,000 rad, whereas

• Lee et al. (1982) found near equivalence using dose groups at 80, 330, and
850 rad.

• Laird (1987) conducted parallel and combined analyses of 6 cohorts of
children exposed to external radiation and one exposed to 131I, and re-
evaluated experimental data from the large study by Lee et al. (1982)
specifically designed to investigate the RBE of 131I. Her RBE estimate
was 0.66 with 95% confidence limits 0.14-3.15 (however, there is no sup-
port that I know of for an RBE greater than 1).

• The RBE value at low doses remains a contentious issue.

• In the calculations for NCI, RBE values of 1, 0.66, 0.33, and 0.1 were
assumed.

5. In addition to being more sensitive to the carcinogenic effects of ionizing
radiation, the thyroid glands of children receive higher doses from ingested
or inhaled 131I than do the glands of adults, because of smaller gland size,
higher intake of milk, and higher metabolism. Using conversion factors ob-
tained from Dr. Bouville, the estimated average thyroid dose of 2 rad to the
U.S. population from Nevada Test Site fallout was converted to the follow-
ing values for children:

Exposure Age Estimated Average Dose
<1 10.3
1-4 6.7
5-9 4.5

10-14 2.8
15-19 1.8

6. Lifetime cumulative thyroid cancer incidence rates of 0.25% for males and
0.64% for females, respectively, were assumed, based on the SEER report
for 1973-1992. The 1973-1994 SEER volume is now out, and gives 0.27%
for males and 0.66% for females. Use of the new values would increase the
total by about 4%.

7. For simplicity of calculation, it was assumed that the U.S. population in 1952
received the total thyroid dose from NTS fallout in that year, instead of spread
out over 12 years. This simplification was possible because, using a linear
dose-response model, lifetime radiation-related thyroid cancer risk is propor-
tional to summed collective dose, in person-rads, over exposure ages
weighted by age-specific risk coefficient.
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8. For each single year of age (column 1 in the spreadsheet), the sex-specific
estimated numbers of lifetime excess thyroid cancer cases in the US due to
NTS fallout (columns 8 and 9) were obtained as the product of:

• the number of male or female persons in the 1952 US population (col-
umns 2 and 3)

• the age-specific estimated average cumulative thyroid dose over the en-
tire period of above-ground testing (column 4)

• the age-specific linear dose-response coefficient (ERR at 1 rad) for x ray
and gamma ray (column 5), times the assumed RBE for 131I

• the cumulative lifetime thyroid cancer risk for men or women (0.25% or
0.64%), as appropriate.

9. The age and sex-specific totals were summed over sexes (column 10) and
ages. The sums are given below columns 8-10 in each table.

10. Besides uncertainty about the RBE, there is also statistical uncertainty about
the risk coefficients, and subjective and statistical uncertainty about the aver-
age doses used. The combined uncertainty is substantial. For example:

• 95% confidence limits (2.1-28.7) for the Ron estimate of ERR1Gy = 7.7
correspond approximately to a lognormal model geometric standard de-
viation (GSD) of about 1.95.

• The uncertainty of average dose estimated by the NCI, 2 rad, was stated to
be between 1 and 4, i.e., a factor of 2 in each direction. This corresponds
approximately to 95% confidence limits and thus to a GSD of about 1.4.

• Therefore, the product of that dose and the estimated ERR at 1 rad has a
GSD of 2.1 (calculated as the exponential of the square root of the sum of
squares of the natural logarithms of 1.95 and 1.4).

• Approximate 95% confidence limits for the number of excess cases can
be obtained by dividing and multiplying by 4.3 (=2.11.96). Thus, for ex-
ample, ignoring all other possible sources of error, an estimate of 49,000
lifetime excess cases (corresponding to a fixed RBE of 0.66, which here is
assumed to be known without error) might be given with uncertainty
11,300-212,000.
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Appendix C

Calculation of Collective Thyroid Dose to
the U.S. Population from the Release of
131I from the Nuclear Weapons Tests in

Nevada

In an attempt to corroborate findings of the National Cancer Institute (see
discussion in Chapter 2 ), a simple calculation is presented to estimate the collec-
tive dose to the thyroids of the U.S. population that occurred from the release of
131I from the nuclear weapons tests carried out in Nevada during the 1950s and
1960s. The collective dose can be estimated in an approximate way by use of the
following equation:

,         (1)

which has the solution of

.       (2)

In eqns (1) and (2) the parameters are defined as follows:

C = Units-conversion constant, 390,625 mi-2 m-2 µCi MCi-1;
S = Amount of 131I released by the tests, MCi;
fd = Fraction of the 131I released that is deposited within the continen-

tal U.S.;
A = Area of the continental U.S., mi2;
α = Mass-interception fraction for fallout retained on vegetation, m2

kg-1;
MPD = Mass (dry) per day of pasture or green chop consumed by a cow,

kg day-1;
fm = Fraction of cow’s intake that is secreted in milk, day L-1;
L = Consumption rate of milk, L day-1;

1
A

1
λ× α × MPD × fm × L × N × DCF ×D = C × S × fd ×

D = C × S × fd × × α × MPD × fm × L × N × DCF × e–λt dt
1
A �

0

∞
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N = Number of persons in the U.S. in 1955;
DCF = Dose-conversion factor for the thyroid, rad mCi-1; and
λ = Effective rate of loss of 131I on pasture, day-1.

The amount, S, of 131I released by the tests at the Nevada Test Site was given
in the NCI report from data derived by Hicks (1982, 1990). A reasonable estimate
is 150 MCi, which may be considered as a geometric mean with a geometric
standard deviation of 1.25. The latter value is based upon an estimate for a closely
related parameter and is given by Ng et al. (1990).

The fraction, fd, of the 131I released by the tests that deposits within the con-
tinental United States is much more difficult to quantify. In a study to be pub-
lished, Anspaugh and McArthur (1998) have determined that the amount of 137Cs
remaining in the NTS and the Phase I and II areas of the ORERP study (see
Church et al. 1990) is equivalent to 10 percent of that originally released. This
may be considered as a lower bound on the amount deposited within the conti-
nental U.S. An upper bound could be considered as 1.00. Then, assuming that
these bounds are the 5th and 95th percentile of a lognormal distribution, the geo-
metric mean is 0.32 with a geometric standard deviation of 2.0. This value is also
reasonably consistent with the independent estimate made by Beck et al. (1990)
that 25-30 percent of 137Cs produced in the Nevada Tests was deposited within
the continental U.S. The latter estimate was based upon drawing crude contours
of deposition density as measured by gummed-film collectors and calculating
that the fraction of 137Cs deposited within those contours was 21 percent (the
estimates ranged from 5 percent for Operations Ranger and Hardtack II to 42
percent for Operation Tumbler-Snapper). An additional amount of about 10 per-
cent was assumed to be deposited with local fallout; thus, the estimate of 25-30
percent of total fallout deposited within the continental U.S.

The area, A, of the continental U.S. according to data in Funk & Wagnalls
(1994) is 3,119,963 square miles.

The mass-interception fraction, α, of 131I in fallout that is retained by pas-
ture-type vegetation is taken to be 1.0 based on the article by Simon (1990).
Further, the range is estimated to be from 0.5 to 2.0. This is approximately equiva-
lent to a geometric mean of 1.0 with a geometric standard deviation of 1.52.

The dry mass consumption rate, MPD, for milk cows is based on the work by
Koranda (1965), who reported an average value of 14 kg day-1. It is assumed here
that this value can be characterized by a geometric standard deviation of 1.5; this
would correspond to a geometric mean value of 13 kg day-1.

The classic value for the rate of secretion of 131I in milk, fm, is 0.005 day L-1

(Garner and Russell 1966). This value is assumed to be a geometric mean with a
geometric standard deviation of 1.5.

The per capita consumption rate of milk, L, is taken from the NCI report. The
value of 0.4 L day-1 is assumed to be a geometric mean with a geometric standard
deviation of 1.5.
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The number of persons in the continental U.S. in 1955, N, is interpolated
between the 1950 and 1960 census values reported in Funk & Wagnalls (1994).
This value is 165,000,000.

The population-weighted dose-conversion factor for 131I-thyroid dose is
about 2 rad mCi-1. This value is assumed to be a geometric mean with a geometric
standard deviation of 1.8 (Ng et al. 1990) for an individual. For the average, we
assume a geometric standard deviation of the mean of 1.5.

The controlling rate constant for the loss of 131I from the pasture-cow-milk
system is the effective rate of loss of 131I from pasture λ. The nominal rate of loss
independent of radioactive decay corresponds is 0.05 day-1 (Thompson 1965). A
somewhat arbitrary value of a geometric standard deviation of 1.5 is assigned to
this value. The rate of loss due to decay is 0.0862 day-1, and the effective rate of
loss is 0.1362 day-1. The corresponding geometric mean is 0.137 day-1 with a
geometric standard deviation of 1.5.

The product of all values indicated above, with the exception of the number
of persons, is 2.3 rad, which is taken to be the geometric mean of the dose to the
population of the U.S. The associated geometric standard deviation of this num-
ber is 3.4. The arithmetic average that corresponds to these values (see, for ex-
ample, Ng et al. 1990) is 5 rad, which when multiplied by the number of persons
produces a value of the collective dose of 8 × 108 person-rad. The comparable
number provided in the NCI report is 4 × 108 person-rad.

Further, the 5th and 95th percentile ranges of the collective dose according to
the simplified scheme derived here are 5 × 107 and 3 × 109 person-rad.
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Appendix D

Thyroid Cancer in Idaho
1970-1996

Christopher J. Johnson, MPH, Epidemiologist
Stacey L. Carson, ART, CTR, Director

Cancer Data Registry of Idaho
PO Box 1278

Boise, Idaho 83701-1278
(208) 338-5100 ext. 213 (phone)

(208) 338-7800 (FAX)

Following release of the National Cancer Institute’s report of its study to assess
Americans’ exposure to radioactive iodine-131 from atmospheric nuclear bomb
testing in the 1950s and 1960s at the Nevada Test Site, and pursuant to requests
from the public, media, and health officials, staff at the Cancer Data Registry of
Idaho (CDRI) conducted several analyses of thyroid cancer.  This report describes
the analyses of thyroid cancer incidence rates in Idaho, 1970-1996, and the ratio
of female-to-male thyroid cancer cases by age group.  Because four of the five
counties in the United States with highest estimated exposure to iodine-131 from
atmospheric nuclear bomb tests at the Nevada Test Site are located in Idaho
(Blaine, Custer, Gem, and Lemhi), and public health services are delivered at the
health district level, analyses were conducted at both the county and health dis-
trict levels of geography (see Appendix for listing of counties by health district).

METHODS

Established in 1969, CDRI is a population-based cancer registry that collects
incidence and survival data on cancer patients who reside in the state of Idaho at
the time of diagnosis or who are diagnosed and/or treated for cancer in the state of
Idaho.  All cases of invasive thyroid cancer diagnosed among residents of the
state of Idaho between January 1, 1970, and December 31, 1996, were included in
these analyses.
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Thyroid Cancer Incidence in Idaho, 1970-1996, by Birth Cohort and Overall

A combination of direct and indirect age adjustment was used to compare the
incidence rates of thyroid cancer among geographic areas and by birth cohort.
The following provides an overview of the steps taken in the analysis.

Step 1. The number of invasive cases of thyroid cancer diagnosed among resi-
dents of the state of Idaho, 1970-1996, were summed by sex, 5-year age group,
county of residence, and year of diagnosis.  The age groups were: 0-4, 5-9, 10-14,
..., 85+.  Cases with missing information on sex, age at diagnosis, or county were
not included in the analysis.  If birth year was unknown, it was imputed from
diagnosis date and estimated age at diagnosis.  Birth cohort was defined by birth
year: before 1948, 1948-1958, and after 1958.  Given the years that atmospheric
nuclear bomb tests were conducted at the Nevada Test Site, and the fact that
children aged 0-5 are biologically most sensitive to iodine-131, persons born dur-
ing the time period 1948-1958 are thought to have been at the risk of highest
exposure.  The other birth cohorts were chosen for comparison purposes.

Step 2. Population data were obtained from the U.S. Bureau of the Census.  Data
for  1970-1989 were available by sex and 5-year age-group.  Data for 1990-1996
were available by sex and single-year age group.  Single-year age group estimates
were derived from 1970-1989 data by dividing the population in each 5-year age
group into 5 equal parts.  For example, if 1,000 persons were in the 5-year age
group 15-19, 200 persons each were assigned to ages 15, 16, 17, 18, and 19.
Separating the population data into single-year age groups was necessary to cal-
culate age-adjusted rates by birth cohort.

Step 3. Three birth cohorts were defined, again based upon differences due to age
in estimated exposure to iodine-131 from atmospheric nuclear bomb tests at the
Nevada Test Site: before 1948, 1948-1958, and after 1958.  Population data were
estimated for each of the birth cohorts, by county, sex, and 5-year age group.
Two age breaks were defined and incremented by year of study.  The lower age
break was defined as: AGELOW = YEAR – 1958, and year was varied from
1970-1996, the years for which CDRI has reliable statewide case information.
The upper age break was defined as: AGEHIGH = YEAR – 1948, and year was
again varied from 1970-1996.  AGELOW and AGEHIGH give the (truncated)
ages a person would have been in each year, 1970-1996, given that they were
born in the period 1948-1958.  Thus, a person born from 1948-1958 would have
been assigned ages 12-22 in 1970, and between 32 and 42 in 1990, etc.  Popula-
tion data were assigned to birth cohorts depending on single-year age group and
year (1970-1996).  For example, for the year 1970, persons aged 10 were as-
signed to the after-1958 birth cohort; persons aged 20 were assigned to the 1948-
1958 birth cohort; and persons aged 30 were assigned to the before-1948 birth
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cohort.  Finally, population data were collapsed over age to yield estimates by
birth cohort, county, sex, and 5-year age group.

Step 4. The age-adjusted rate of invasive thyroid cancer for the state of Idaho,
1970-1996, was calculated by the direct method, using the 1970 U.S. population
as standard.  Age-specific rates for the state of Idaho were calculated for use in
direct age adjustment.  The result was an age-adjusted incidence rate of thyroid
cancer for the state of Idaho, 1970-1996, of 4.22 cases per 100,000 person-years.

Step 5. Age- and sex-specific rates for the state of Idaho for the time period 1970-
1996 were calculated for use as standard rates in indirect age and sex adjustment.

Step 6. For all birth cohorts combined, the numbers of observed and expected
cases were calculated for each health district and county.  Expected cases were
calculated by applying the age- and sex-specific rates for the state of Idaho to the
population by age and sex in each health district and county.  Two-tailed p-values
comparing the number of observed and expected cases were calculated using the
Poisson probability distribution.  Observed and expected cases, and p-values,
were calculated separately for males, females, and both sexes combined.

Step 7. The adjusted incidence rates for each health district and county were cal-
culated as the standardized incidence ratio (observed/expected) multiplied by the
age-adjusted rate from Step 4.  For example, there were 314 cases observed, and
254.6 cases expected in Health District 4, yielding an adjusted incidence rate of
(314/254.6) * 4.22 = 5.20 cases per 100,000 person-years.

Step 8. Age- and sex-specific rates for the state of Idaho, 1970-1996, were calcu-
lated by birth cohort for use in indirect age and sex adjustment by birth cohort.
(Step 5 was repeated by birth cohort.)

Step 9. For each birth cohort, the number of observed and expected cases were
calculated for each health district and county.  Expected cases were calculated by
applying the age- and sex-specific rates for the state of Idaho, by birth cohort
(from Step 8), to the population by age and sex in each health district and county.
Two-tailed p-values comparing the number of observed and expected cases were
calculated using the Poisson probability distribution.  Observed and expected
cases, and p-values, were calculated separately for males, females, and both sexes
combined, by birth cohort.  Statistical significance was set at α = .05.

Step 10. The adjusted rates for each health district and county were calculated by
birth cohort as the standardized incidence ratio for that birth cohort (observed/
expected) multiplied by the age-adjusted rate for all birth cohorts (from Step 4).
For example, there were 87 cases observed and 69.4 expected in Health District 4
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for the birth cohort 1948-1958, yielding an adjusted incidence rate of (87/69.4) *
4.22 = 5.29.  The overall rate from Step 4 was used as the reference rate in order
to facilitate comparisons across birth cohort for individual health districts and
counties, and to allow comparisons among health districts and counties within
birth cohort. See Box D.1 for a description of the Idaho population by health
districts.

Step 11. The adjusted rates for the state of Idaho were calculated by birth cohort
using the standardized incidence ratio for that birth cohort (observed/expected),
with expected cases based upon age- and sex-specific rates for all birth cohorts

BOX D.1
Description of Idaho Population

The population of the state of Idaho in 1996 was estimated to be
1,189,251, made up of 594,604 males and 594,647 females (U.S. Bu-
reau of the Census). Idaho comprises 44 counties grouped into seven
health districts. The composition of the health districts and population
estimates by sex are shown below:

District Counties Males Females

District 1 Benewah, Bonner, Boundary, 80,792 81,548
Kootenai, Shoshone

District 2 Clearwater, Idaho, Latah, Lewis, 49,574 48,568
Nez Perce

District 3 Adams, Canyon, Gem, Owyhee, 84,753 85,602
Payette, Washington

District 4 Ada, Boise, Elmore, Valley 147,684 149,119

District 5 Blaine, Camas, Cassia, Gooding, 77,788 77,139
Jerome, Lincoln, Minidoka, Twin Falls

District 6 Bannock, Bear Lake, Bingham, 77,425 77,227
Butte, Caribou, Franklin, Oneida,
Power

District 7 Bonneville, Clark, Custer, Fremont, 76,588 75,444
Jefferson, Lemhi, Madison, Teton
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(from Step 5).  For example, there were 271 cases observed and 256.9 expected in
the state of Idaho, 1970-1996, among the 1948-1958 cohort, yielding an adjusted
incidence rate of (271/256.9) * 4.22 = 4.45 cases per 100,000 person-years.  The
state of Idaho rates by birth cohort were designed to be compared to each other,
and to the overall state of Idaho rate of 4.22 cases per 100,000 person-years.

Ratio of Female-to-Male Thyroid Cancer Cases
by Age Group and Birth Cohort

The overall ratio of thyroid cancer cases among females versus males differed by
birth cohort, with a ratio of 2.7 in the before-1948 cohort, 5.2 in the 1948-1958
cohort, and 5.3 in the after-1958 cohort.  In order to examine if the differences in
female-to-male ratios by birth cohort were an artifact of differing age-specific
rates by sex, cumulative ratios of female-to-male cases were calculated by age
group.  For all invasive cases of thyroid cancer diagnosed among Idaho residents,
1970-1996, the numbers of cases were summed separately for males and females
by 5-year age group and birth cohort.  The cumulative ratios of female-to-male
cases were calculated by 5-year age group and birth cohort.  For example, for the
age group 35-39, the cumulative female-to-male ratio in the before-1948 birth
cohort was 5.0 (75 cases among females aged 39 years and younger, and 15 cases
among males aged 39 years and younger).

RESULTS

The overall age-adjusted incidence rate of invasive thyroid cancer in Idaho, 1970-
1996, was 4.22 cases per 100,000 person-years (see Table D.1).  Incidence rates
varied by geographic location, ranging from 3.28 cases per 100,000 person-years
in Health District 2 to 5.20 cases per 100,000 person-years in Health District 4.
There were significantly more cases of invasive thyroid cancer diagnosed among
residents of Health District 4 than expected based upon rates in the state of Idaho
(314 observed, 254.6 expected, p<.001), and the number of observed cases was
higher than expected for both males and females.  Ada County had significantly
more cases of invasive thyroid cancer than expected based upon rates in the state
of Idaho (276 observed, 221.4 expected, p<.001).  None of the four Idaho coun-
ties with highest estimated exposure to iodine-131 showed an elevation in thyroid
cancer cases from 1970-1996.

Among the birth cohort born before 1948, the incidence rate of invasive thyroid
cancer, 1970-1996, was 4.10 cases per 100,000 person-years (see Table D.2).
There were significantly more cases observed than expected in Health District 4
and Ada County.  None of the four Idaho counties with highest estimated expo-
sure to iodine-131 showed an elevation in thyroid cancer cases from 1970-1996
in the birth cohort born before 1948.
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Among the birth cohort born 1948-1958, the incidence rate of invasive thyroid
cancer, 1970-1996, was 4.45 cases per 100,000 person-years (see Table D.3).
There were significantly more cases observed than expected in Health District 4
and Ada County.  None of the four Idaho counties with highest estimated expo-
sure to iodine-131 showed an elevation in thyroid cancer cases from 1970-1996
in the birth cohort born 1948-1958.  Although the incidence rate of invasive thy-
roid cancer, 1970-1996, was highest for the birth cohort born 1948-1958, the
number of cases observed was not statistically significantly different from that
expected based upon rates for all birth cohorts.

Among the birth cohort born after 1958, the incidence rate of invasive thyroid
cancer, 1970-1996, was 4.35 cases per 100,000 person-years (see Table D.4).
There were significantly more cases observed than expected in Elmore County.
None of the four counties with highest estimated exposure to iodine-131 showed
an elevation in thyroid cancer cases from 1970-1996 in the birth cohort born after
1958.

Regarding the female-to-male ratios for invasive thyroid cancer cases, the differ-
ences in the overall female-to-male ratios by birth cohort (see Table D.5) appear
to be due to the higher  age-specific thyroid cancer incidence rates in younger
females as compared with younger males.  In all three birth cohorts, the cumula-
tive age-specific ratios were similar for the age groups 25-29, 30-34, and 35-39
(the only age groups for which comparisons are available across all three birth
cohorts, as CDRI has reliable statewide cancer incidence data since 1970).

SUMMARY AND CONCLUSIONS

Thyroid cancer is relatively rare among all cancers, accounting for less than 2%
of invasive cases in Idaho in 1996.  The age-adjusted incidence rate of invasive
thyroid cancer in Idaho, 1970-1996, was 4.22 cases per 100,000 person-years.  In
comparison, the Surveillance, Epidemiology, and End Results (SEER) rate for
whites, 1973-1995, was 4.39 cases per 100,000 person-years.   CDRI investigated
thyroid cancer incidence in three birth cohorts to explore the relationship between
age at the time of iodine-131 release from atmospheric nuclear bomb tests at the
Nevada Test Site and thyroid cancer incidence.  The number of  invasive thyroid
cancer cases in the state of Idaho, 1970-1996, was not statistically significantly
higher than expected, based upon overall rates, for any of the three birth cohorts.
Within each birth cohort, and for all cohorts combined, variation existed among
health districts and counties in the incidence of thyroid cancer, with more marked
variation observed among geographic areas with smaller populations.

There are several limitations of the data that may have influenced the results of
the analyses.  The accuracy of the estimated incidence rates assumes similar case
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ascertainment rates across geographic areas, and depends upon the accuracy of
the population estimates generated by the U.S. Bureau of the Census and appor-
tionment of 5-year age group data into five equal single-year groups.  The analy-
ses did not account for in- or out-migration of cases.  Cases among previous
Idaho residents who moved to another state prior to diagnosis were not accounted
for, but cases among persons who previously resided in other states, but moved to
Idaho prior to diagnosis, were counted as Idaho cases.  This same limitation ex-
ists at the county level for county-specific analyses.  Many of the statistics, par-
ticularly for the county analyses by birth cohort, are based upon small numbers of
cases.  Incidence rates based upon 10 or fewer cases (numerator) should be inter-
preted with caution.

None of the four Idaho counties with highest estimated exposure to iodine-131
showed an elevation in thyroid cancer cases from 1970-1996 in the birth cohort
born during 1948-1958, which was estimated to have received the highest expo-
sure to iodine-131.  Although the overall female-to-male thyroid case ratios dif-
fered by birth cohort, this result was confounded by age, as the cumulative age-
specific ratios are similar in each birth cohort.
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Appendix E

Applicable Radiation Exposure Standards
and Guides: Past and Present

I. Introduction

According to the “Statement of Task,” the committee is “to provide information
that will enable the DHHS to educate and inform members of the public, espe-
cially those likely to have been most heavily exposed at the most vulnerable ages,
as to what the NCI estimates and their attendant uncertainties mean for the indi-
vidual, what the risks are relative to other environmental risks, and what types of
appropriate actions they should take.”

In responding to this request, it would appear beneficial to review the radiation
protection standards, guides, and regulations that applied during the period from
1950 to 1970 (as well as in the subsequent years), and to review and evaluate the
thyroid doses that occurred during the I-131 fallout in comparison to these limits
and recommendations.

II. Relevant Standards and Guides—National Council on Radiation Protection
and Measurements

1. Handbook 52

In 1953, the National Council on Radiation Protection (NCRP) published Hand-
book 52, “Maximum Permissible Amounts of Radioisotopes in the Human Body
and Maximum Permissible Concentrations in Air and Water” (NCRP 1953). Al-
though the accompanying standards were developed primarily for application to
radiation workers, because few members of the public were anticipated to be
exposed to artificial sources of radiation exposure (beyond the use of radiation in
the healing arts) the NCRP also stated that the permissible concentrations were
“for use beyond the control area.”  (Table 2, page 11).
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The recommended limit for I-131 in drinking water was 3 × 10-5 µCi per milliliter
(Table 3, page 15). This corresponds to a daily intake limit of 6.6 × 10-2 µCi
which, if consumed over an entire year, would result in an estimated dose rate to
the thyroid of 0.3 rem per week, or 15 rem per year (Section E, page 12).

2. Handbook 59

In a report issued in 1954, the NCRP (1954) recommended that

“ ... in the course of their normal activities, protective measures be taken to make
sure that no minor actually receives radiation at a weekly rate higher than one-
tenth the respective permissible weekly doses for the critical organs” (page 78).

3. Addendum to Handbook 59

In 1957, the NCRP issued an addendum to Handbook 59. This addendum re-
peated the NCRP recommendation for an occupational dose rate limit of 15 rem
per year, but the maximum accumulated dose was limited to 5 times the number
of years beyond age 18 (NCRP, 1957, paragraph 1, page 2). This addendum also
included new recommendations for limiting the genetic dose to the population
(paragraph 5, page 3), and stated, in terms of internal emitters, that:

“For individuals outside of the controlled area, the maximum permissible con-
centrations should be one-tenth of those for occupational exposures”  (paragraph
6, page 3).

The NCRP also recommended:

An average per capita dose limit of 0.5 rem per year for “persons outside of
controlled areas, but exposed to radiation from a controlled area” (paragraph 12,
page 4).

It should be noted, however, that this dose rate limit was based on the assumption
that:

“ ... the total integrated RBE dose received by radiation workers will be small in
comparison with the integrated RBE dose of the whole population” (paragraph
12, page 4).

In addition, for purposes of controlling potential genetic effects, it was further
assumed that:

“ ... persons outside of controlled areas, but exposed to radiation from a con-
trolled area, constitute only a small portion of the whole population.”

4. Handbook 69

In 1959, the NCRP issued Handbook 69 (NCRP 1959) which incorporated new
data and methods for estimating the dose from internally deposited radionuclides.
In the Handbook the NCRP stated its recommendations as follows:
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“The radiation or radioactive materials outside a controlled area, attributable to
normal operations within the controlled area, shall be such that it is improbable
that any individual will receive a dose of more than 0.5 rem in any 1 year from
external radiation” (Section 2.4, page 6).

and:

“The maximum permissible average body burden of radionuclides in persons
outside the controlled area and attributable to the operations within the con-
trolled area shall not exceed one-tenth that for radiation workers”  (Section 2.4,
page 6).

At the same time, the NCRP repeated the limit on cumulative dose to radiation
workers, namely, that the cumulative dose “shall not exceed 5 rems multiplied by
the number of years beyond age 18.”

At the same time, however, the NCRP increased the permissible dose rate to the
thyroid of radiation workers to 30 rem per year (Section 2.1, pages 4-5).

With the application of the one-tenth factor, the limiting concentration of I-131 in
drinking water was reduced to 2 × 10-6 µCi per milliliter, as contrasted to the 3 ×
10-5 µCi per milliliter, as given in Handbook 52.

In support of these recommendations, the NCRP stated:

“The maximum permissible dose and the maximum permissible concentrations
of radionuclides as recommended ... are primarily for the purpose of keeping the
average dose to the whole population as low as reasonably achievable, and not
because of the likelihood of specific injury to the individual.”

5. Report of Ad Hoc Committee

In 1960, the NCRP published a report of an Ad Hoc Committee established “to
re-examine the problem of exposure of the population to man-made radiations
from the point of view of somatic effects as distinct from genetic effects”  (page
482). This review was undertaken in specific response to “the widespread public
concern over the possible effect of radiation from fallout on the population ...”
(NCRP 1960).

On the basis of its review, the NCRP stated that:

“ ... we recommend that the population permissible dose for man-made radiation
be based on the average natural background level. Although it is not our respon-
sibility to determine the exact level, we believe that the population permissible
somatic dose for man-made radiations, excluding medical and dental sources,
should not be larger than that due to natural background radiation, without a
careful examination of the reasons for, and the expected benefits to society from
a larger dose”  (NCRP, 1960, page 485). Since the NCRP, in its report, assumed
that the background dose rate was 100 mrem per year (NCRP, 1960, page 485),

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


APPENDIX E 217

this statement implied that the dose rate limit that they were recommending for
the general population was 100 mrem (0.1 rem) per year.

III. Relevant Standards and Guides—Federal Radiation Council

In 1959, the Congress (Public Law 86-373) established the Federal Radiation
Council (FRC) to “... advise the President with respect to radiation matters, di-
rectly or indirectly affecting health, including guidance for all Federal agencies in
the formulation of radiation standards and in the establishment and execution of
programs of cooperation with States...”. The formation of the FRC was an out-
growth of public hearings held in 1957 by the Joint Committee on Atomic En-
ergy, on the “The Nature of Radioactive Fallout and Its Effects on Man.”  In all of
these hearings, questions on the biological effects of radiation and protection
against excessive exposure to radiation received attention.

1. FRC Report No. 1

In 1960, the FRC issued Report No. 1 (FRC 1960) in which they established the
concept of a Radiation Protection Guide (RPG) which was defined as:

“... it is our basic recommendation that the yearly radiation exposure to the whole
body of individuals in the general population (exclusive of natural background
and the deliberate exposure of patients by practitioners of the healing arts) should
not exceed 0.5 rem” (paragraph 5.3, page 26).

Because of continuing concern about the potential genetic effects, the FRC went
on to state:

“When the size of the population group under consideration is sufficiently large,
consideration should be given to the genetically significant population dose. The
Federal Radiation Council endorses in principle the recommendations of such
groups as the NAS-NRC, the NCRP, and the ICRP concerning population ge-
netic dose, and recommends the use of the Radiation Protection Guide of 5 rem
in 30 years (exclusive of natural background and the purposeful exposure of
patients by practitioners of the healing arts) for limiting the average genetically
significant exposure of the total U. S. population. The use of 0.17 rem per year
... is likely in the immediate future to assure that the gonadal exposure Guide is
not exceeded”  (paragraph 5.5, page 27).

2. FRC Report No. 2

In 1961, the FRC issued Report No. 2 (FRC 1961) in which they recommended:

“... RPG’s for the thyroid gland of 1.5 rem per year for individuals and 0.5 rem
per year to be applied to the average of suitable samples of an exposed group in
the general population as representing a reasonable balance between biological
risk and benefit to be derived from useful applications of radiation and atomic
energy”  (paragraph 2.9, page 11).
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3. FRC Report No. 5

Confirming that their previous recommendations applied to “normal peacetime
operations,” in 1964 the FRC issued Report No. 5 (FRC 1964) in which they
specifically addressed the concept of Protective Action Guides (PAGs) for appli-
cation in the case of unusual concentrations of radionuclides in various foods due
to the atmospheric testing of nuclear weapons (Introduction, page 1).

At that time, the FRC noted that a report of a panel of experts of the NAS-NRC
Committees stated that:

“ ... although therapeutic doses from iodine-131 to the thyroid have been in the
range of a few thousands rads upwards, iodine-131 has not been identified in a
causative way with the development of thyroid cancer in humans, except in one
doubtful case. X-ray doses to the thyroid appear to be from 5 to 15 times as
effective in producing biological changes as iodine-131”  (Section IV, page 12).

On the basis of this and other information, the FRC stated:

“Considering existing information on the biological risks associated with doses
from iodine-131 and the kinds of protective actions available to avert the dose
from iodine-131 that has been deposited on pastures by dairy cows, the Council
has concluded that such protective action as the diversion of milk or the substi-
tution of stored feed for pasturage to avert individual doses less than 30 rads
would not usually be justifiable under the conditions considered most likely to
occur. This dose is recommended as the Protective Action Guide for iodine-
131”  (Section IV, page 12).

The FRC went on to say:

“ ... it is assumed that the majority of the individuals do not vary from the aver-
age by a factor greater than three. As an operational technique, it is considered
that the PAG will not be exceeded if the average projected doses to the thyroids
of a suitable sample of the population do not exceed 10 rads. A suitable sample
is considered to consist of children of approximately one year of age using milk
from a reasonably homogeneous supply”  (Section IV, page 12). “The PAG is
stated in terms of the projected dose; i.e., the dose that might otherwise be re-
ceived if the protective action were not initiated”  (Section IV, page 13).

In terms of the need for special consideration for children, the FRC stated that for
I-131:

“... a given intake would result in a ten times larger dose to the thyroid of a one
year old child (thyroid weight 2 grams) than to an adult (thyroid weight 20
grams)”  (Section IV, page 11).

In terms of operating criteria, the FRC stated:

“A total intake of iodine-131 of 600 nanocuries would result in a dose to about
10 rads to a 2 gram thyroid”  (Section IV, page 14).
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IV. Current Standards and Guides—International Commission on Radiological
Protection, National Council on Radiation Protection and Measurements, and the
U. S. Nuclear Regulatory Commission

Although they would not have applied during the period from 1950 to 1970, it is
useful also to consider the current recommendations and/or regulations of the
International Commission on Radiological Protection (ICRP), the NCRP, and the
U. S. Nuclear Regulatory Commission (U. S. NRC) relative to dose rate limits for
members of the public.

1. ICRP Publication 60

In Publication 60, the ICRP (ICRP 1991) recommends that:

“... the limit for public exposure should be expressed as an effective dose of 1
mSv in a year. However, in special circumstances, a higher effective dose could
be allowed in a single year, provided that the average over 5 years does not
exceed 1 mSv per year”  (paragraph S40, page 75).

2. NCRP Report No. 116

In Report No. 116, the NCRP (NCRP 1993) recommends:

“For continuous (or frequent) exposure, it is recommended that the annual effec-
tive dose not exceed 1 mSv.”  “Furthermore, a maximum annual effective dose
limit of 5 mSv is recommended to provide for infrequent annual exposures. An
annual effective dose limit recommendation of 5 mSv is made because annual
exposures in excess of the 1 mSv recommendation, usually to a small group of
people, need not be regarded as especially hazardous, provided it does not occur
often to the same groups and that the average exposure to individuals in these
groups does not exceed an average annual effective dose of about 1 mSv”  (Sec-
tion 15, page 46).

3. U. S. Nuclear Regulatory Commission

In its “Standards for Protection Against Radiation” (Title 10, Code of Federal
Regulations, Part 20), issued in 1991, the U. S. NRC has stipulated:

“Each licensee shall conduct operations so that — (1) The total effective dose
equivalent to individual members of the public from the licensed operation does
not exceed 0.1 rem (1 millisievert) in a year, exclusive of the dose contributions
from background radiation, any medical administration the individual has re-
ceived, voluntary participation in medical research programs, and the licensee’s
disposal of radioactive materials into sanitary sewerage ...”  (paragraph 20.1301).

In summary, all three organizations recommend the restriction of average long-
term effective (whole body) dose rates to the public to no more than 1 mSv (0.1
rem) per year.
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4. U. S. Environmental Protection Agency and Food and Drug Administration

The U. S. Environmental Protection Agency and the Food and Drug Administra-
tion in their guides to emergency and protective action insofar as dose to the
thyroid is concerned set the standards for action as 5-25 rad and 1.5-15 rad, re-
spectively. Their ingestion protective action guides are set at 1.5 rad and 15 rad,
the former being the preventive action guide and the latter the emergency action
guide. At thyroid doses of 25 rad or greater administration of stable iodine is
recommended.
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Appendix F

Screening for Thyroid Cancer: Background
Paper

Karen Eden, Ph.D.
Mark Helfand, M.D.

Susan Mahon, M.P.H.

Between 1951 and 1962 the United States Atomic Energy Commission con-
ducted more than 100 aboveground detonations of nuclear weapons at the Ne-
vada Test Site. Parts of Idaho, Montana, Utah, and Colorado had the highest
exposure, but radioactive fallout was deposited throughout the United States. In-
fants and small children who drank milk or ate fresh vegetables contaminated
with fallout were exposed to the highest doses of radiation, and as adults these
persons are most at risk for developing thyroid abnormalities.

In 1997, the National Cancer Institute (NCI) released a report estimating the
amount of radiation exposure Americans received from the nuclear tests
(USDHHS, 1997). The report states that the average dose of radiation received by
each American was 0.02 gray (Gy). Average exposures in some Western and
Midwestern states were higher as much as 0.16 Gy in some areas. In addition to
place of residence, the source and quantity of milk consumed by infants and young
children can be used to help predict the dosage of the radioactive iodine (I-131)
reaching the thyroid gland.

The NCI findings raised concerns that individuals exposed to higher dosages
of I-131 might have a high risk of developing thyroid cancer later in life and that
early detection and intervention for thyroid cancer could be useful for those per-
sons.

To justify screening, there must be evidence that screening tests can detect
thyroid cancer accurately and safely in asymptomatic individuals, that early treat-
ment decreases mortality or morbidity from thyroid cancer when compared with
delaying treatment until symptoms occur, and that the benefits of screening clearly
outweigh the adverse effects of the screening program itself. Unfortunately, evi-
dence about the ability of early detection to prevent morbidity and mortality from
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thyroid cancer is incomplete. In contrast to the case of screening for breast can-
cer, for example, there are no randomized, controlled trials of screening for thy-
roid cancer, either in the general population or in high-risk groups. Instead, the
effect of screening must be inferred from observational studies regarding the
prevalence of undiagnosed thyroid cancer and the potential benefit of early detec-
tion.

In this paper we address whether physicians should screen for thyroid cancer
seen in asymptomatic patients thought to have been exposed to I-131. We focus
on studies of screening in the general population and in high-risk groups. We
examine the accuracy of the tests used for screening, the number of cancer pa-
tients detected with screening, and evidence that treatment of cancers found by
screening improves outcomes.

Definitions

Screening is “the application of a test to detect a potential disease or condi-
tion in a person who has no known signs or symptoms of that condition at the
time the test is done” (Eddy, 1991). Studies of screening can be classified accord-
ing to the setting in which the decision to screen takes place. In clinic-based
screening, or casefinding, a screening test is performed in patients who visit a
primary-care physician for an unrelated reason. Studies of casefinding programs
provide the most realistic estimates of the effects and costs of screening in a clinic
or office practice, but there have been very few studies of casefinding for thyroid
cancer. Population-based studies contact, recruit, and follow patients in the con-
text of an epidemiologic research effort. Such studies show the extent of unsus-
pected thyroid cancer in a population sample, but they do not reflect the yield or
costs of screening in clinics or providers’ offices. We used population-based stud-
ies as a benchmark against which the yield and benefits of clinic-based screening
programs could be measured. Finally, studies of monitoring in high-risk groups
describe efforts to monitor individuals with occupational exposure to radiation or
with a history of head and neck irradiation for benign or malignant conditions.
Such studies could be less relevant to screening in populations exposed to the
much lower doses of radiation from the Nevada Test Site.

Background: Challenges in Developing and Assessing a Screening Proposal

Before the consequences of screening can be estimated, it is necessary to
formulate the screening problem. To formulate a strategy researchers must specify
the intended population for screening; the screening tests, follow-up tests, and
treatments that will be used; and the type of outcomes influenced by the tests. In
this section, we enumerate the information gaps, and we suggest a strategy for a
“baseline” screening program.
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What Is the Target Population? How Can It Be Reached?

For screening to be effective, there should be a substantial prevalence of
undiagnosed disease in the target population. It is difficult to estimate this preva-
lence unless the target population for screening is clearly defined and is similar to
populations used for published studies. Current age, place of residence as an in-
fant or young child, and current residence might be used as criteria for screening.

One approach to identifying patients might be for primary-care providers (or
public health agencies) throughout the United States to ask questions designed to
identify exposed individuals. If this approach is taken, those questions are the
initial test for screening, and their sensitivity and specificity for identifying high-
risk individuals would need to be measured to estimate the prevalence of disease
in the screened population. Another approach would be to target individuals be-
tween the ages 35 and 55 who are current residents of counties that had high
exposure to radiation; this would omit individuals who had moved away and
could include low risk individuals who had moved to those areas as adults. Esti-
mating the effectiveness of this approach would require information on the rate of
migration to and from these areas and areas that received lower doses. A third
approach would replicate the efforts of epidemiologic studies to contact and track
residents throughout the United States and have them report to a single, organized
source of care. Finally, an effort to teach and promote thyroid self-examination
could be the primary tool for screening. Studies of screening programs do provide
information about screening in a defined geographic area, but little if any infor-
mation is available about the efficacy of the other approaches.

Exposure from the Nevada Test Site detonations occurred more than 30 years
ago. Exposed individuals could now be widely dispersed throughout the United
States. People who have already been diagnosed and treated for thyroid cancer
cannot benefit from screening, so the yield of screening will depend on the prob-
ability of having undiagnosed cancer many years after the exposure.

What Test Should Be Done? Who Should Do Them? How Should They Be
Interpreted?

To estimate the effect of screening, the choice and interpretation of screening
and follow-up tests must be specified. Either a physical examination or an ultra-
sound examination can be used to screen for thyroid cancer. Both tests identify
thyroid nodules that could be cancerous. If a nodule is found, a fine-needle aspi-
ration (FNA) is done to identify cell types found. Individuals found to have ma-
lignant cells, or cells that could be malignant, could undergo surgery and other
treatments for thyroid cancer.

The interpretation and accuracy of the tests vary. Whether palpation or ultra-
sound is used, it is necessary to specify how an abnormal result is defined and
what action will be taken if the result is normal or abnormal. One variable is the
size of the nodule that prompts confirmation by FNA. In some centers most pa-
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tients with microadenomas are followed with physical examinations (Tan and
Gharib, 1997); in other programs, serial ultrasound test or no tests at all might be
done. Recommendations for the management of cystic nodules and of small thy-
roid cancers and protocols for the management of FNA results also vary. No
single protocol has been adopted for screening programs.

How the tests are performed also can affect results. For ultrasound, relevant
characteristics might include the resolution of the image and the qualifications
and experience of the personnel who perform and interpret the test. For physical
examination, a relevant characteristic might be whether examiners were given
special training in examining the thyroid and whether standardized measurements
were taken as part of the examination. In general, population-based studies and
studies of surveillance for thyroid cancer have used structured interviews and
examinations by expert examiners, conditions that could be difficult to replicate
throughout the nation. Proficiency is also an important influence on the accuracy
and cost of confirmatory FNA (Hall et al., 1989).

Which Cancers Require Treatment? What Treatments Should Be Used?

To estimate the effectiveness of early treatment for thyroid cancer we must
be able to predict what treatment will be done when a cancer or suspicious nodule
is found. Recommendations for treatment of thyroid cancers vary among studies
and centers. For example, to manage small, localized papillary carcinomas, which
are common in individuals exposed to ionizing radiation, some experts prefer
total thyroidectomy; others recommend lobectomy with or without adjuvant
therapy with ablative doses of I-131. More aggressive therapies could reduce the
recurrence rate but cause higher rates of complication. In a nationwide initiative,
individual surgeons’ recommendations also might vary, making it difficult to es-
timate the rate of recurrence or complications that would be associated with
screening.

What Health Outcomes Should Be Considered? How Do Screening
Outcomes Compare with Usual-Care Outcomes?

Health outcomes relevant to screening for thyroid cancer include mortality
and morbidity related to thyroid cancer and to the tests and treatments used in the
screening program. Many studies report the number of cases of cancer detected
by screening, but few report observed health outcomes in the screened popula-
tion, and none has made an unbiased comparison of the outcomes of screening
with the outcomes of usual care. As a result, the reduction in morbidity and mor-
tality associated with screening can only be inferred from indirect evidence.

Figure F.1 illustrates the type of evidence that could be used to make these
inferences. Arcs 1 and 2 indicate direct evidence comparing the mortality and
morbidity associated with screening against that of usual care; such evidence is
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FIGURE F.1  Evidence model. Arcs indicate causal links and lines of evidence. Arcs 1
and 2 represent direct (experimental) evidence linking screening to morbidity and mortal-
ity. Arcs 3 to 5 represent evidence from observational studies of screening. Arcs 6-11
represent links for which the available evidence comes from epidemiologic and clinical
observational studies not performed in the context of screening.
* “Stage” means any factor that can be used to predict outcome, including patient characteristics (e.g.,
age) and features of the cancer (size, histologic type, and presence of local or distant metastases).

not available. Studies of screening do provide evidence about the number of can-
cers found in a population (arc 3) and, to a lesser extent, the stages of these
cancers at the time of detection (arc 4) and the number of surgical operations
performed as a result of screening (arc 5).

Does finding these cancers and treating them earlier reduce mortality and
morbidity? The stage of cancer at the time of diagnosis, cancer recurrence, and
surgery performed are intermediate or surrogate outcomes of screening—they
might be related to mortality and morbidity, but they are not a direct measure-
ment of them. Because there is no direct evidence linking screening to health
outcome, the effect of screening on mortality and morbidity is inferred. Arcs 6
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through 12 illustrate causal links between the intermediate measures and health
outcomes. Arc 6 is the relationship of cancer stage at the time of detection to
mortality. Arc 7 is mortality due to fatal complications of surgery and anesthesia.
Arc 8 is the relationship between stage of cancer at the time of detection and the
likelihood of developing recurrent cancer. Arc 9 is the effect of recurrence on
mortality. Similarly, morbidity depends on morbidity of cancer at the time of
detection (arc 10), morbidity due to complications of surgery (arc 11), and mor-
bidity due to recurrent cancer (arc 12). Arcs 10 and 12 are dashed because most
studies report results for usual care rather than screening programs, and so they
deal with populations that might not be similar to those included in screening
programs.

Lack of information about current practice also makes it difficult to estimate
the effectiveness of not screening; that is, of usual care. Screening identifies can-
cers that would be detected in usual care after some delay. How much is gained
by finding these cancers earlier? In the absence of randomized trials, this benefit
must be estimated from the length of the delay, the extent to which the cancer
advances during the delay, and the effect of advancement on mortality and mor-
bidity. Information about usual care is needed to estimate the length of delay and
the rate of advancement during the delay, but such data are sparse. For this rea-
son, the confidence range about any estimate of the benefit of early detection by
screening will be wide.

No screening proposal can satisfy all of these concerns completely, and un-
certainties do not mean we should not screen for thyroid cancer. Unless a specific
proposal is formulated, however, the consequences of screening cannot be esti-
mated.

Baseline Strategy and Assumption

We examined two alternatives to usual care: screening with palpation and
screening with ultrasound examination. We assumed that screening would take
place in the primary-care setting among patients seeing a provider for reasons
other than thyroid disease. We also assumed that providers, health systems, and
public health officers could reliably identify individuals exposed to a specified
dose of radiation by asking questions about risk factors identified in the NCI
study of the Nevada nuclear test.

Figure F.2 depicts the assumptions we made about how screening and fol-
low-up tests would be interpreted and what actions would be taken on test results.
For the “palpation” strategy, FNA would be performed if the examiner palpated a
nodule. If the FNA result was “malignant” or “suspicious,” the patient would
undergo thyroidectomy. If the FNA result was “benign,” palpation would be re-
peated every 6 months. If, over time, the nodule were to enlarge, a repeat FNA
would be done. If the FNA result was “insufficient” or “nondiagnostic,” FNA
would be repeated, possibly under ultrasound guidance. If the FNA was persis-
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tently nondiagnostic, a lobectomy would be done to determine whether there was
cancer.

These assumptions probably underestimate the use of ancillary tests in the
follow-up of individuals found to have nodules. For example, in practice, serial
ultrasound examinations, trials of levothyroxine, and scintigraphy are commonly
used to evaluate or monitor patients with thyroid nodules, but we assumed that
these interventions would not be part of a screening protocol and so did not at-
tempt to assess the benefit or harm they produce.

In choosing between palpation and ultrasound as the first test for screening,
an important issue is whether it is worthwhile to pursue small (<1 cm or <1.5 cm)

FIGURE F.2  Screening decision tree.

Benign (false pos.) Postsurgical

Malignant,
get surgery Node #3 Differentiated cancer

Postsurgical
Diff. Cancer

Anaplastic cancer

Postsurgical
Anaplastic

Cancer
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surgery
Go to Node #3

Nodule
— Do
FNA

Node
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Benign Node #2

Stable
Follow with

palpation

Benign Go to Node #2
Palpation
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surgical biopsy Go to Node #3
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No nodule No further work
up

Screening
Decision

Nodule > 1.5 cm, Do
FNA Go to Node #1

US
1 cm < Nodule < 1.5

cm, Do FNA Go to Node #1

High risk, Do FNA Go to Node #1
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< 1 cm
Node

#5

Low risk
Follow with

palpation

Usual Care No further work
up
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impalpable nodules found by ultrasound. When palpation is the first test, this
issue is moot, because by definition “incidentalomas” or occult thyroid cancers
cannot be detected by palpation.

The “ultrasound” strategy is similar to the “palpation” strategy, except that
the initial management of a nodule depends on its size. As shown in Figure F.2, if
ultrasound is the first test, a decision about how to manage small nodules must be
made (node 4). Several experts recommend against routine aspiration of all nod-
ules, but their recommendations are intended for nodules found incidentally in
individuals who do not exhibit risk factors for thyroid cancer. This recommenda-
tion is depicted as node 5 in Figure F.2, in which patients with additional risk
factors proceed to aspiration, whereas “low risk” patients might be followed clini-
cally. However, because individuals who have been exposed to radiation usually
are considered “high risk,” it is possible, in a program to screen individuals ex-
posed to radiation, that aspiration with ultrasound guidance would be attempted
in patients found to have occult nodules. If malignant or suspected cytology is
found, surgical diagnosis and perhaps aggressive treatment are more likely—
again because of the history of radiation exposure.

Thus, the foremost question in choosing between ultrasound and palpation is
this: In patients with low levels of radiation exposure due to exposure to fallout
from the Nevada experiments, do the potential benefits of detecting and treating
occult thyroid cancers outweigh the potential harm posed by additional monitor-
ing, surgery, and medical treatments that will result from screening? Because
ambiguity about these decisions could reduce the benefits of screening, a screen-
ing recommendation about thyroid cancer should carefully specify what level of
exposure makes a patient “high risk” with respect to the aggressiveness of fol-
low-up of small nodules, what size nodules should prompt a work-up, and when
aggressive surgical therapy should be applied.

Methods

We reviewed studies of screening for thyroid cancer and studies of the accu-
racy of tests commonly used to screen for thyroid cancer.

Data Sources

To find relevant articles on screening for thyroid cancer in high-risk popula-
tions, we searched the MEDLINE data base for papers published between 1966
and 1998 using the medical subject heading (MeSH) term thyroid neoplasms com-
bined with the MeSH terms mass screening, environmental exposure, radiation-
induced neoplasms, power plants, nuclear reactors, radioactive fallout, and
nuclear warfare, and the text words screen, screening, power plants, and nuclear
reactors. For studies of test performance, we searched the same data base, com-
bining the MeSH terms thyroid neoplasms and sensitivity and specificity. For
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recent data on incidence and prevalence of thyroid cancer, we searched for papers
published since 1987, and we restricted our focus to papers with the MeSH term
thyroid neoplasms and the subheading epidemiology. These searches resulted in a
total of 1,353 citations: 904 from the screening search, 249 from the test perfor-
mance search, and 200 from the epidemiology search. To supplement our
MEDLINE searches, reference lists from recent reviews were searched and ar-
ticles recommended by thyroid cancer panel members were retrieved.

Papers were excluded unless they included information on at least one of the
following areas:

• controlled studies
• screening in asymptomatic persons
• health outcomes
• screening by physical exam, ultrasound, or FNA
• recommendations for screening based on test results
• population-based studies
• size, stage, or type of nodule.

Studies of screening for congenital or familial thyroid disorders were also
excluded.

Study Selection

In all, 56 studies were included in our review: Twenty-six addressed either
screening in an exposed or unexposed population or surveillance in an exposed
population; 23 addressed the accuracy of palpation, ultrasound, or FNA; and 10
addressed the incidence, natural history, treated history, or predictors of mortality
in patients with thyroid nodules or thyroid cancer. (The numbers do not add to 56
because of overlap among paper topics.) We found only one study that attempted
to examine whether a delay in the initial treatment of thyroid cancer was associ-
ated with decreased survival (Mazzaferri and Jhiang, 1994). We also included
well-done review articles and meta-analyses about the epidemiology, course, and
treatment of thyroid cancer and about the relationship between radiation expo-
sure and the risk and type of thyroid cancer (Caruso and Mazzaferri, 1991; Fraker
et al., 1997; Gharib, 1994; Gharib and Goellner, 1993; Giuffrida and Gharib,
1995; Moosa and Mazzaferri, 1997; Ron and Saftlas, 1996; Ron et al., 1995;
Schlumberger, 1998; Tan and Gharib, 1997).

Data Extraction

We sought to answer several questions about four topics:

1.  Yield of screening. How many individuals with thyroid nodules and can-
cer does screening identify?
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2.  Accuracy of tests. What are the sensitivity and specificity of the initial
tests for screening (palpation or ultrasound) and of the confirmatory FNA test?
What factors affect sensitivity and specificity?

3.  Consequences of a screening program. Given the prevalence of disease
and the accuracy of the diagnostic tests, how many individuals with thyroid can-
cer will screening detect? How many follow-up tests will be performed? How
many healthy individuals will have false-positive test results that require addi-
tional evaluation? How many surgical operations will be done?

4.  Effectiveness. Is there evidence that early treatment reduces the burden of
illness? Specifically, how do the outcomes of screening compare with the out-
comes of usual care? How might reducing the delay in diagnosis affect the poten-
tial complications of thyroid cancer?

From each study of screening or surveillance we extracted the following
information: the setting in which screening or surveillance was performed, the
risk status of the target population, the screening tests used, and the prevalence of
thyroid nodules and of thyroid cancer found by screening. When it was available,
we abstracted information on the characteristics of the cancers detected by screen-
ing (papillary, follicular, undifferentiated, localized, regional, distant metastasis,
and so on.)

In studies that measured the performance of screening or confirmatory tests,
we recorded the tests used, the gold standard determination of disease, the sensi-
tivity and specificity of the tests, and the presence of biases (such as diagnostic-
review bias) that could affect the reported results. We also abstracted the number
of patients who underwent surgery to establish a final diagnosis.

Probability of Developing Thyroid Cancer

According to the American Cancer Society, 17,200 new cases of thyroid
cancer will be diagnosed in 1998 in the United States (Landis et al., 1998). The
incidence of thyroid cancer varies with sex and age. In the SEER registry, the
average lifetime risk of being diagnosed with thyroid cancer was 0.27% for males
and 0.66% for females (Ries et al., 1997). (For comparison, in a woman of “aver-
age risk,” the risk of developing colon cancer or breast cancer is 6% or 9.4%,
respectively.) In men, the incidence of thyroid cancer gradually increases until
age 70-79, at which time the incidence is 8.6 per 100,000 (Ries et al., 1997). For
women, the peak incidence, 13.2 per 100,000, is reached in the 50-54 year age
group.

The probability of developing thyroid cancer depends on the presence of
several risk factors. Exposure to ionizing radiation is the most well-established
risk factor for thyroid cancer (McTiernan et al., 1984; Ron et al., 1995). In a
population-based study done in Connecticut from 1978 to 1980, about 9% of
thyroid cancers were attributable to prior irradiation of the head and neck (Ron et
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al., 1987). Most studies of this risk factor involve patients who had received
external radiation to the head and neck for benign conditions (Pottern et al., 1990;
Ron et al., 1988, 1989; Schneider et al., 1993; Shore et al., 1993; Tucker et al.,
1991). In those studies, an increased incidence of thyroid cancer was observed
among people who had received radiation doses as low as 10 rad (0.10 Gy) (Ron
et al., 1988; Schneider et al., 1993), and the incidence rose linearly up to a dose of
1,000 rad (10 Gray) (Ron et al., 1989).

Mortality and Morbidity of Thyroid Cancer

In 1995 all-stage 5-year survival for thyroid cancer was 92.4% for males and
95.9% for females. In 1995 there were 1,120 deaths due to thyroid cancer in the
United States (Wingo et al., 1995); 1,200 deaths are expected in 1998 (Landis et
al., 1998). In 1994 the lifetime risk of dying from thyroid cancer was 0.04% for
males and 0.07% for females. The risk of dying from thyroid cancer is much
lower than the risk of developing thyroid cancer because most people with thy-
roid cancer, die of other causes.

The risk of death depends on age and on the characteristics of the thyroid
cancer. Longitudinal studies of the treated history of thyroid cancer indicate that
age at the time of diagnosis, tumor size, local invasion, tumor cell DNA content,
and regional or distant metastasis are associated with mortality from thyroid can-
cer (Fraker et al., 1997). Because most deaths occur in elderly people who have
undifferentiated, metastatic cancers, average rates overestimate mortality in
younger and middle-aged individuals, who tend to have papillary and follicular
cancers (Ron, 1996). Although distant metastases are present in only 5% of thy-
roid cancers at the time of diagnosis, patients in this group account for about 60%
of deaths. At the other extreme, 56% of cancers are localized to the thyroid gland
at the time of diagnosis, but only 4 patients per 1,000 in this group die from
thyroid cancer within 5 years (USDHHS, 1997).

SCREENING TESTS

History and Physical Examination Palpation

A thorough clinical evaluation for thyroid disease usually includes ascertain-
ment of age, gender, family history of thyroid disease, history of hormonal prob-
lems or prior neck irradiation, and visual inspection and palpation of the thyroid
gland by a clinician (Ashcraft and Van Herle, 1981; Brander et al., 1992). The
goal of palpation is to detect nodules and to assess the size of the thyroid gland.
When a nodule is palpated, the examiner notes its firmness and attachment to
underlying structures and attempts to determine whether a single nodule or mul-
tiple nodules are present. Additionally, nearby lymph glands are palpated to de-
tect enlargement (Khafagi et al., 1988; Spiliotis et al., 1991). The examiner asks
whether the patient has noticed it, how long it has been present, and whether the
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patient has had difficulty swallowing or has had hoarseness. Although the pres-
ence of these conditions increase the likelihood that a nodule is malignant
(Holleman et al., 1995; Khafagi et al., 1988; Merchant et al., 1995; Spiliotis et al.,
1991), it is usually not possible to tell when nodules are benign or malignant by
palpation alone (Ashcraft and Van Herle, 1981).

Three studies of screening in asymptomatic individuals used palpation and
ultrasound to detect thyroid nodules (Table F.1). These studies used ultrasound
as the gold standard determination of the presence of a nodule; the sensitivity
of palpation for all sized nodules was 0.10 to 0.31, which indicates that a high
proportion of nodules detected by ultrasound were too small to be palpated
(Ezzat et al., 1994; Inskip et al., 1997; Mettler et al., 1992). This means that for
a person with a nodule of any size, there is a probabiltiy of 0.10 to 0.31 that it
will be palpated. The specificity of palpation ranged from 0.95 to 1.0. This
means that for a person without a nodule, there is a probability of 0.95 to 1.0
that no nodule will be palpated.

One study group consisted of 100 healthy individuals who had no history
of exposure to radiation. Twenty-one nodules were palpated in these individu-
als; 47 patients had nodules 0.5 cm or larger in diameter as shown by ultrasound
examination, and 20 had nodules smaller than 0.5 cm. The overall sensitivity of
palpation was 31% (21/67). For nodules larger than 0.5 cm the sensitivity was
0.45 (21/47), and for nodules larger than 1 cm the sensitivity was 0.84 (21/25).

In subjects who have been exposed to radiation, the sensitivity of palpation
to find nodules could be lower. In one study, 18 nodules were palpated in a
group of 1,060 children and adults living near Chernobyl (Mettler et al., 1992);
in the same population, ultrasound detected 75 nodules larger than 0.5 cm in
diameter (22 nodules, 0.5-0.9 cm, 44 nodules, 1-2 cm, 9 nodules >2 cm). Only
8 of the 18 palpated nodules were confirmed with ultrasound; 10 of the palpable
nodules were not seen on ultrasound and were classified as false-positive re-
sults. For nodules larger than 2 cm, the sensitivity of palpation was 0.89, but
sensitivity for 1-2 cm nodules was only 0.38.

In another study, 1,979 Estonian Chernobyl cleanup workers were exam-
ined from 1-9 years after their exposure at the reactor site (Inskip et al., 1997).
In all, nodules were detected by ultrasound; of these 175 were larger than 0.5
cm, 88 were larger than 1 cm, and 35 were larger than 1.5 cm. In a study of
patients screened 22 years or more after childhood head and neck irradiation
(Schneider et al., 1997), palpation identified only 5 of 11 nodules 1.5 cm or
larger, while ultrasound found 54 more.

Because the decision to examine and study a nodule is affected by its size,
the ability to estimate the size of a nodule can be important. Clinicians often
underestimate the size of palpable nodules and cannot reliably determine
whether nodules are single or multiple (Brander et al., 1992; Tan et al., 1995).
Some studies suggest that palpation is sensitive for nodules larger than 1.5 cm,
others confirm the poor results of the studies discussed above. In one study, for
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example, the sensitivity of palpation was 0.50 (14/28) for nodules 1-2 cm in
diameter and 0.58 (19/33) for nodules larger than 2 cm (Brander et al., 1992).

Whether a single nodule or multiple nodules are present also can affect de-
cision-making about a treatment, especially in individuals exposed to radiation
who often have nodules scattered throughout the gland. In one study in which
151 single nodules were palpated 48% (73) of the patients actually had multin-
odular glands (Tan et al., 1995). Another study found that 63% (20/32) of pal-
pated single nodules were shown by ultrasound examination to be multinodular
(Brander et al., 1992)

In two studies of exposed populations, the positive predictive values for a
palpated nodule were 0.32 and 0.44 (Inskip et al., 1997; Mettler et al., 1992),
respectively. In one study, for example, 139 patients had palpable nodules, but
only 44 of these were confirmed by ultrasound (positive predictive value, 0.32).
In the same studies, the negative predictive values were 0.92 and 0.94. Because
the prior probability of having no nodule was approximately 90% in these stud-
ies, a negative test result increases only slightly the probability of having no
nodule.

The sensitivity of palpation appears to be 0.31 or less when all sizes of nod-
ules are considered. However, sensitivity increases as size increases, particularly
beyond 2 cm. Screening for nodules by palpation appears to have reasonable
specificity—above 95%. Nevertheless, fewer than half of individuals thought to
have a nodule by palpation actually do have one. For purposes of detecting
whether a nodule is solitary, palpation miscategorizes approximately 50% of pa-
tients.

Ultrasound

To perform an ultrasound test on the thyroid, the patient lies supine with
the neck hyperextended (Tan et al., 1995). A radiologist typically performs the
test using an image scanner with 5-10 MHz linear transducers (Brander et al.,
1992; Ezzat et al., 1994; Hsiao and Chang, 1994; Tan et al., 1995). An ultra-
sound test usually reveals the following details about thyroid nodules: echo-
genicity (reduced, normal, increased), “geneity” (homo, hetero), cystic compo-
nent (nil, < 50%, 50%, >50%), calcification (present, absent), halo appearance
(present, absent, doubtful), and nodularity (solitary, multiple) (Watters et al.,
1992; Ashcraft and Van Herle; 1981). The information that a nodule is cystic
or solid can be useful clinically. Cystic nodules often are managed by draining
with a fine needle, and further evaluation depends on whether the nodule re-
curs.

Ultrasound is considered to be as accurate as is histologic examination of
thyroid tissue for determining whether a thyroid nodule is present. The most im-
portant feature of ultrasound is its ability to detect clinically impalpable nod-
ules. This feature makes ultrasound a highly sensitive test for screening, because
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such nodules, called incidentalomas or occult nodules, can contain carcinoma
(“occult carcinoma”). In choosing between ultrasound and palpation as the first
test, the foremost question is whether it is worthwhile to diagnose occult carci-
noma, or whether screening is beneficial primarily in patients with relatively
large (≥1.5 cm) palpable nodules.

Confirmatory Tests: Fine Needle Aspiration

When a thyroid nodule is detected, an FNA confirmatory test often is per-
formed (Bouvet et al., 1992; Cusick et al., 1990; Hamburger and Hamburger,
1985). FNA is a simple, relatively low-risk procedure that provides a cytologic
sample to detect cancer, but it should be performed only by physicians experi-
enced with the procedure (Gharib, 1994). It causes minor, local short-term pain
and occasionally a small hematoma (Gharib, 1994; Gharib and Goellner, 1993).
The use of FNA has greatly reduced the need for surgical excision to diagnose the
cause of thyroid nodules (Fraker et al., 1997).

Fine-needle aspiration is usually an outpatient procedure. The physician pal-
pates the thyroid gland while the patient lies supine on a bed. The skin around the
thyroid is cleaned with alcohol, and a disposable needle (21-25 gauge) with a 10
mL syringe is inserted into the nodule (Gharib, 1994; Cusick et al., 1990). Suc-
tion is applied and the aspirate is sprayed onto glass slides (Haas et al., 1993). To
reduce the number of false-negative results, several (2-6) aspirations are usually
performed (Gharib and Goellner, 1993). Smears are made using the Papanico-
laou, May-Grunwald-Giemsa, and/or Romanowsky-based Liu methods (Cusick
et al., 1990; Gharib, 1994; Lin et al., 1997). The slides are reviewed by a
cytopathologist who classifies the cells into one of the following groups (Hol-
leman et al., 1995):

• Benign. Aspirated material adequate and consists of thyroid cell groups
without signs of malignancy or consists of cyst fluid.

• Follicular. Little or no colloid with microfollicular cell groups. Differen-
tiation between follicular adenoma and follicular carcinoma not possible.

• Suspicious. Signs suggestive but not diagnostic of malignancy in the aspi-
rated material.

• Malignant. Several clearly malignant characteristics found.
• Inadequate. (or unsatisfactory). No conclusions because the smear does

not contain enough material (fewer than 6 cell groups) or because the smear con-
tains normal thyroid cells, suggesting that the neoplasm was not sampled.

In practice, 70% (range, 53%-90%) of FNA specimens are classified as be-
nign; 4% (1%-10%) as malignant; 10% (5%-23%) as suspicious, follicular, or
nondiagnostic; and 17% (15%-20%) as an inadequate or unsatisfactory sample
(Fraker et al., 1997).
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The result of FNA, along with other clinical information, is used to decide
whether to proceed with surgical excision. The frequency of surgery that can be
expected in a screening program, and the ratio of cancers to surgery, are impor-
tant measures of the accuracy of FNA. In studies from major centers, an average
of 18% of patients having FNA go on to have surgery (Gharib and Goellner,
1993; Haas et al., 1993; Spiliotis et al., 1991). Of patients who have surgery, it is
estimated that 15-32% have cancer (Gharib and Goellner, 1993; Haas et al., 1993).
The cancer probability depends on the criteria used to act on FNA results. Some
investigators report that only the “malignant” category prompted surgery, but in
many studies all patients with a suspicious or follicular FNA result also are taken
to surgery (Bouvet et al., 1992; Cusick et al., 1990; Holleman et al., 1995; Khafagi
et al., 1988; Morayati and Freitas, 1991).

The rate of nondiagnostic FNA results affects the rate of surgery. Because
some authors do not differentiate between “unsatisfactory” and “indeterminate,”
the term “nondiagnostic” is used here for discussion. In some series, surgery was
performed for all nondiagnostic FNAs (Cusick et al., 1990; Piromalli et al., 1992).
Others took only patients with nondiagnostic results to surgery if other clinical
symptoms were present: hoarseness, rapid growth of a nodule, or fixation to an
underlying structure (Holleman et al., 1995; Jones et al., 1990; Khafagi et al.,
1988; Lin et al., 1997; Merchant et al., 1995; Spiliotis et al., 1991).

The rate of nondiagnostic samples in referral clinics and hospitals ranges
from 1% to 19% (Bouvet et al., 1992; Cusick et al., 1990; Haas et al., 1993;
Holleman et al., 1995; Khafagi et al., 1988; Lin et al., 1997; Merchant et al.,
1995; Ng et al., 1990; Ongphiphadhanakul et al., 1992; Piromalli et al., 1992;
Spiliotis et al., 1991; Takashima et al., 1994). Studies that included a bedside
evaluation of the sample with repeated aspiration as needed reported lower rates
of nondiagnostic samples (Lin et al., 1997; Takashima et al., 1994). In one study,
the researchers reported a nondiagnostic rate of 23% before implementing a bed-
side evaluation strategy to immediately repeat the test when nondiagnostic results
were obtained (Khafagi et al., 1988). Those authors report dropping the non-
diagnostic result rate to 12% after the bedside evaluation was in place. One group
of investigators (Holleman et al., 1995) suggests that repeating all nondiagnostic
FNAs and having two pathologists discuss the results would increase the number
of diagnostic results. The probability of a nondiagnostic FNA result diminishes
as operators become more experienced with the technique (Haas et al., 1993;
Jones et al., 1990; Merchant et al., 1995; Piromalli et al., 1992) demonstrating the
importance of having experienced physicians perform the technique.

The probability of nondiagnostic FNA results also is related to the size of the
nodule being aspirated. One study found that 27% of the nodules smaller than 1.5
cm were nondiagnostic (Khafagi et al., 1988). In the same study, 16% of the
nodules 1.5-3 cm and 13% of nodules larger than 3 cm were nondiagnostic.

Published studies of the accuracy of FNA use the findings from surgery as
the gold standard determination of disease. These studies extended from the cal-

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


APPENDIX F 237

culation of sensitivity and specificity patients who had benign FNA results and
did not go to surgery. As Gharib and Goellner (1993) note, because of this diag-
nostic-review bias, published studies overestimate the sensitivity of FNA for thy-
roid cancer. Exclusion of those patients also causes FNA specificity to be under-
estimated.

In published studies, the reported sensitivity FNA for thyroid cancer range
from 70% to 97% (Bouvet et al., 1992; Cusick et al., 1990; Haas et al., 1993;
Hamburger and Hamburger, 1985; Holleman et al., 1995; Jones et al., 1990;
Khafagi et al., 1988; Lin et al., 1997; Merchant et al., 1995; Morayati and Freitas,
1991; Ongphiphadhanakul et al., 1992; Piromalli et al., 1992; Spiliotis et al.,
1991; Takashima et al., 1994; Watters et al., 1992). Specificity ranged from 52%
to 98% for the same studies. The apparent sensitivity and specificity depend on
how the investigators classify nondiagnostic FNA results. Examination of sensi-
tivity and specificity results revealed that the surgical decisions related to
nondiagnostic FNA results had a strong relationship with sensitivity and an even
stronger one with specificity.

To examine this relationship in more detail, studies that document whether
patients with nondiagnostic FNA results go to surgery and also that list the histol-
ogy reports were reanalyzed to report sensitivity and specificity with and without
including the nondiagnostic results. A nondiagnostic FNA was classified as “posi-
tive” if the patient went to surgery. The results of this analysis are summarized in
Tables F.2a and F.2b.

The analysis reveals that sensitivity increases slightly with the inclusion of
nondiagnostic FNA results. Most of the patients with nondiagnostic results have
benign follicular adenomas, and specificity drops by 4-20 percentage points. This
suggests that quite a few more patients with benign nodules went to surgery than
represented by specificity results, which typically exclude nondiagnostic FNA
results.

In our analysis, the positive predictive value of FNA is the proportion of all
surgical patients who prove to have thyroid cancer. Among the studies summa-
rized in Table F.2b, the positive predictive values ranged from 0.28 to 0.71. Fig-
ure F.3 shows that the positive predictive value of disease decreased as the preva-
lence of disease decreased. The patients in these surgical series had clinically
apparent signs or symptoms that brought them to medical attention in the usual
course of care. Patients identified in a screening program might have a lower
probability of disease, so the positive predictive value of FNA could be lower
than that shown by Table F.2b and Figure F.3.

Because some patients with benign nodules develop cancer years later, most
clinicians follow those patients with periodic physical examinations. Longitudi-
nal studies of patients who had a benign FNA and did not have surgery demon-
strate that a benign FNA is a reliable finding. In four studies, patients with un-
treated, cytologically diagnosed benign thyroid nodules were followed for several
years for evidence of thyroid cancer (Jones et al., 1990; Kuma et al., 1994;
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Morayati and Freitas, 1991; Piromalli et al., 1992; Tan and Gharib, 1997). In one
study (Jones et al., 1990), 93 patients with benign FNA results were followed for
at least 2 years with annual ultrasound and semiannual physical exams. There
were no thyroid malignancies found in the follow-up period. In another study,
537 patients with benign FNA results were followed at 6-month intervals for 2-10
years (Piromalli et al., 1992). In this cohort no malignancies were found. An
additional 42 patients in this group were lost to follow-up. In a follow-up study of
576 patients with benign FNA results and no surgical treatment (Morayati and
Freitas, 1991), there were no documented thyroid malignancies after an average
of 4.2 years of follow-up. In a long-term follow-up study by Kuma et al. (1994),
cited in Tan and Gharib (1997), only 1 patient of 134 with nodules cytologically
diagnosed as benign was diagnosed with a papillary carcinoma during a follow-
up period of 9-11 years.

Consequences of Screening

We reviewed studies of screening programs to estimate the likely conse-
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quences of a screening program in individuals exposed to fallout from the Ne-
vada tests. For the screened population, we estimated the probability that a
screened individual would be found to have a nodule; the probability that an
individual would be found to have thyroid cancer, the distribution of size, histo-
logic type, and spread of cancers; and the probability that a screened individual
would undergo surgery. We found no evidence from studies of screening that we
could use to estimate other important events related to health outcomes, such as
the probability of long-term survival in patients found to have cancer or the rates
of surgical complication. As mentioned earlier, these events must be estimated
indirectly from studies performed in other settings.

Studies

Of the 26 studies of screening we selected, 12 concerned healthy adults with
no history of exposure to radiation. Of these, 4 were population-based studies of
healthy adults with no prior exposure to radiation (Brander et al., 1991; Tunbridge
et al., 1977; Vander et al., 1968), 4 were studies conducted at a single institution
involving unexposed volunteers (Ezzat et al., 1994; Hsiao and Chang, 1994), 1
was a mass screening of healthy adults (Ishida et al., 1988), and 3 were screening
programs of healthy adults using casefinding (Bruneton et al., 1994; Miki et al.,
1993; Woestyn et al., 1985).

Eight studies concerned individuals exposed to fallout from nuclear detona-
tions. Three studies examined thyroid disease in workers after the Chernobyl
nuclear reactor accident (Inskip et al., 1997; Ivanov et al., 1997) and in Chernobyl
residents (Mettler et al., 1992). Three papers looked at residents of the Marshall
Islands exposed to fallout from hydrogen bomb testing (Hamilton et al., 1987;
Howard et al., 1997; Takahashi et al., 1997); 1 examined thyroid disease in survi-
vors of the 1954 atomic bomb blast in Nagasaki (Nagataki et al., 1994); and 1
looked at residents of Utah, Nevada, and Arizona who were potentially exposed
to fallout from nuclear weapons testing (Kerber et al., 1993). Time since expo-
sure ranged from 1 year in Chernobyl to more than 40 years.

Six studies concerned surveillance for thyroid cancer in individuals exposed
to radiation from medical interventions. Five papers described recall studies of
adults who were exposed as children to medical radiation, either for benign con-
ditions (Favus et al., 1976; Ron et al., 1984; Royce et al., 1979; Shimaoka et al.,
1982) or for childhood cancer (Crom et al., 1997). One additional study con-
cerned occupationally exposed hospital workers (Antonelli et al., 1995).

Tables F.3a and Table F.3b summarize results of the studies in 4 areas: prob-
ability of finding a nodule by palpation or ultrasound, probability of finding can-
cer, the proportion of nodules found to be cancerous, and the number of surgical
operations performed as a result of screening. (Table F.3a provides descriptive
data on the studies revealed and Table F.3b presents data probabilities calculated
from the same studies).
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Probability of Diagnosing a Nodule

The number of nodules found in screening programs depends on the popula-
tion screened (unexposed or exposed), the test used (palpation or ultrasound), and
the threshold size used to define a nodule (0.2 cm to 1.5 cm in various studies).

Unexposed Populations

Studies of screening unexposed adults with palpation find probabilities of
nodules in the range of 0.01-0.05 (Brander et al., 1991; Ishida et al., 1988; Miki et
al., 1993; Tunbridge et al., 1977; Vander et al., 1968). In unexposed populations,
palpable thyroid nodules are more common in women, and their likelihood in-
creases with age. In a population-based study in Whickham County, England
(Tunbridge et al., 1977), 5.3% of women had palpable thyroid nodules. The prob-
ability for 18-24 year-old women was 4.7% and increased steadily to 9.1% for
women over age 75. In the same study, only 0.8% of men had palpable thyroid
nodules.  In the United States, the probability of thyroid nodules for subjects
enrolled in the Framingham study was similar (Vander et al., 1968): The all-age
probability of palpated thyroid nodules among adult males was 1.5%; it was 6.4%
among adult females.

More nodules will be diagnosed if ultrasound is used as the first test for
screening. In studies performed in the general population, rates of 0.20-0.27 were
observed (Brander et al., 1991; Miki et al., 1993). Women and older persons had
higher rates. High-resolution ultrasound screening of 101 asymptomatic Finnish
women (aged 49-58) detected nodules in 31 women (Brander et al., 1989). In
France, 645 asymptomatic women and 355 asymptomatic men were screened
using ultrasound (Bruneton, 1994). Forty-four percent of the women had thyroid
nodules; 17.7% of the men had them. The probability of a thyroid nodule was
0.25 for participants under 50 years and increased to 0.42 for persons over age 50.

Exposed Populations

People who have been exposed to environmental and medical radiation
have a higher prevalence of thyroid nodules than is found among the general
population. Six population-based studies compared the number of nodules found
through screening in radiation-exposed populations and in comparison groups
(Hamilton et al., 1987; Howard et al., 1997; Kerber et al., 1993;  Mettler et al.,
1992; Nagataki et al., 1994; Takahashi et al., 1997). People exposed to the
highest doses of radiation from the Nevada nuclear tests had a probability of
0.02-0.04 as determined by palpation; those exposed to lower doses had a prob-
ability of 0.02. In Marshall Islands tests, the probability in exposed groups was
0.07 (0.02-0.39) compared with 0.02 in people living farthest from the test site
(Hamilton et al., 1987). Howard and co-workers (1997) found an even greater
difference: 0.23 in exposed Marshall Islanders compared with 0.06 in unexposed
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groups. Mettler and co-workers (1992) found no difference in the probabilities
of palpable or ultrasound-detected nodules in exposed versus unexposed popu-
lation groups when highly contaminated villages near Chernobyl were compared
with presumably unexposed control villages 4.5 years after the accident. In sur-
vivors of the Nagasaki atomic bomb blast, probabilities by ultrasound screening
were 0.05 in unexposed groups and 0.10 in an exposed group (Nagataki et al.,
1994).

Irradiation for benign medical conditions has been shown to result in an in-
creased probability of thyroid nodules. Surveillance studies of people irradiated
as children for benign conditions have found probabilities of 0.05-0.34 by palpa-
tion and 0.23-0.38 by ultrasound detection (Favus et al., 1976; Ron et al., 1984;
Royce et al., 1979; Shimaoka et al., 1982). Antonelli and co-workers (1995) found
a higher prevalence of nodules in hospital workers exposed to long-term, low-
dosage x rays than was found in two unexposed control groups.

Nodule Size Distribution

Table F.4 shows the distribution of nodule sizes found in screening studies
of exposed individuals. The information in the table can be used to estimate the
additional number of nodules requiring follow-up when smaller nodules are con-
sidered to be significant.

Probability of a Thyroid Cancer Diagnosis

The yield of thyroid cancer in a screening program depends on the same
factors that influence the probability of finding nodules. Moreover, the sensitiv-
ity of FNA and other test used to select patients for surgery can affect the prob-

TABLE F.4  Distribution of Nodule Size in Screening Studies of Exposed
Patientsa

Study Total Nodules <0.5 cm 0.5-0.99 cm 1.0-1.49 cm ≥1.5 cm

Inskip, 1997 201 12.9% 43.3% 26.4% 17.4%
Howard, 1997 117 NA 89.7% 10.3%
Mettler, 1992 81 30.0 % 70.0%
Shimaoka, 1982 19 NA 47.4%b 52.6%c

Schneider, 1997 157 74.5% 25.5%

NA Not available.
a All studies used ultrasound except Shimaoka.
b 0.5-1.0 cm.
c >1.0 cm.
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ability of finding thyroid cancer. In general, more cancers are found in radia-
tion-exposed subjects than in the general population and in subjects screened
with an ultrasound test versus those screened by palpation. The decision to
evaluate small nodules also will increase the yield of cancer diagnosis in screen-
ing programs. When higher resolution ultrasound is used, still more nodules and
cancers will be detected.

Unexposed Populations

In the general population, 1-5% of nodules are found to be carcinomas; the
probability that a nodule is cancerous appears to be higher for larger nodules
detected by palpation than for smaller nodules found by ultrasound (Ishida et al.,
1988; Miki et al., 1993).

Three population-based studies examined the rates of cancer found in unex-
posed people (Brander et al., 1991; Ishida et al., 1988; Miki et al., 1993). In a
population of healthy Japanese women, 1 per 1,000 screened by palpation had
thyroid cancer (Ishida et al., 1988); in a separate study of healthy Japanese adults
who underwent an ultrasound examination at a routine physical examination or at
a mammography screening center, 2 per 1,000 had thyroid cancer (Miki et al.,
1993). In the Framingham study, no cancers at all were detected by palpation in a
population sample of 5,108 American adults (Vander et al., 1968). Screening in
253 healthy Finns by palpation and by ultrasound revealed no cancers (Brander et
al., 1989).

Exposed Populations

In comparison studies, more cancers are found by palpation in exposed than
in unexposed populations. The Nevada Test Site study found probabilities of can-
cer of 0.008 in the most-exposed group and 0.004 in the least-exposed group
(Kerber et al., 1993). Howard and co-workers (1997) found more cancers in ex-
posed Marshall Islanders than they found in a comparison group (0.07 vs. 0.02),
and Takahashi and co-workers (1997) found no difference in probability in ex-
posed and unexposed groups—both probabilities were 0.02. These results involve
palpation screening only, and in the Marshall Islanders, only nodules larger than
1 cm were counted.

In a study of Chernobyl cleanup workers conducted 1-8 years after exposure,
2.8 per 1,000 patients screened by ultrasound had cancer (Ivanov et al., 1997).
Ultrasound screening for nodules 0.5 cm in diameter in Nagasaki survivors
revealed cancer rates of 0.10-0.05 in the exposed verses the unexposed group,
respectively (Nagataki et al., 1994).

Table F.3b lists the proportion of nodules found to be cancerous in exposed
and unexposed populations. The proportion of cancers is higher for exposed popu-
lations and for larger nodules. In several studies, a nodule found by screening in
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exposed subjects was more likely to be malignant than was one found in an unex-
posed subject. In contrast to the probabilities seen in unexposed populations (0.01-
0.05), nodules found in people exposed to radiation in the study of areas near the
Nevada Test Site had a 0.27 probability of being malignant; in Nagasaki, this
probability was 0.11 in the exposed group and 0.02 in the unexposed group. Ab-
solute probabilities vary from study to study, but within studies a marked differ-
ence between exposed and unexposed individuals is observed consistently.

Size of Neoplasms Found Through Screening Exposed Populations

Because screening is intended to find cancers in an earlier stage than would
be found in the course of usual care, the size of cancers found in a screening
program is important. Early detection of thyroid cancers will improve survival
only if the cancers found have a better prognosis than would have occurred if they
were detected in usual care. No population-based study of individuals exposed to
fallout reported this information. Only one other study, a recall program of medi-
cally irradiated people, reported sizes of thyroid cancers found (Favus et al.,
1976). Of 60 cancers found by palpation and scintigraphy, 21 were under 0.5 cm,
28 were 0.6-1.5 cm, and 11 were larger than 1.5 cm. In a follow-up study of a
subgroup—patients diagnosed before the start of the screening program—those
with more clinically apparent symptoms had a higher risk of recurrence than did
those diagnosed earlier, in the course of usual care (Schneider et al., 1986).

Stage and Histology of Cancers in Exposed Populations

No cases of undifferentiated thyroid cancer were reported in five population-
based studies of exposed subjects (Howard et al., 1997; Inskip et al., 1997; Ivanov
et al., 1997; Kerber et al., 1993; Takahashi et al., 1997). In a study of U.S. resi-
dents exposed to fallout radiation from the Nevada Test Site (Kerber et al., 1993),
all cancers found were papillary. A study of Marshall Islanders (Takahashi et al.,
1997) found 5 papillary cancers and 1 follicular cancer in exposed people. In 47
thyroid cancers detected in 167,862 Chernobyl cleanup workers (Ivanov et al.,
1997), 42.8% were papillary, 33.3% were follicular, and 14.3% were other types
of carcinoma. This last category is not explained further. Two cancers found in a
smaller sample of Chernobyl workers (Inskip et al., 1997) were histologically
confirmed to be papillary. None of these studies report information on other clini-
cal features of the cancers found, such as lymph node involvement or distant
metastasis.

Surveillance studies of medically irradiated subjects provide some informa-
tion on histology of thyroid cancers found through screening. In one large series
(Favus et al., 1976), all 60 thyroid cancers found in a surveillance program of
patients exposed to radiation for benign conditions in childhood were papillary,
follicular, or a combination of both (which would now be classified as papillary).
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In 45 cases, one lobe was involved, and in 15, both lobes were. There was thyroid
capsule invasion in 12 cases, blood vessel invasion in 5, and lymph node involve-
ment in 17. No distant metastases were found. In two other surveillance studies
that provide histologic information (Crom et al, 1997; Royce et al., 1979), all
cancers found were papillary and follicular.

Probability of Undergoing Surgery

Unexposed Populations

Two studies of healthy, unexposed individuals provide information on sur-
gery performed as a result of screening by palpation in unexposed populations.
These results suggest that, of 1,000 unexposed people screened by palpation,
between 1 and 8 will have surgery. In the United States, the Framingham study
reports 45 surgical operations in 5,108 adults screened by palpation (Vander et
al., 1968). None of the individuals proved to have a carcinoma. In another study
of healthy Japanese workers, 1 person had surgery; 451 individuals were screened
(Miki et al., 1993). This study was unusual in that the decision to proceed to FNA
was made based on ultrasound diagnosis of features suggestive of cancer; as a
result, very few FNAs and surgeries were performed relative to other studies.

Exposed Population

Studies of Marshall Islanders exposed to fallout radiation show much higher
rates of surgery among the screened population. Hamilton and co-workers (1987)
report 53 cases of surgery in 1,903 exposed Marshall Islanders screened by palpa-
tion. A decade later, in a subset of the same population, Howard and co-workers
(1997) report 55 operations in 253 very highly exposed Marshall Islanders. Ten
of 1,984 Chernobyl cleanup workers had surgery as a result of screening by pal-
pation (Ivanov et al., 1997), but this study was done only a few years after the
accident; continued monitoring could result in higher rates of surgery.

Recall studies of palpation screening in people who received head and neck
irradiation in childhood show the highest rates of surgery among screened popu-
lations. For example, Shimaoka and co-workers (1982) report 85 operations as a
result of palpation screening of 1,500 patients; Royce and co-workers (1979)
report 6 in 214; Ron (1996) reports 8 in 443; Favus et al. (1976) report 195
operations in a study of 1,056 recalled patients. These surgery rates are about 10
times higher than those found as a result of screening of unexposed people.

Few data are available to estimate the false-negative rate for surgery in
screening exposed populations. The rate can be estimated from information on
the FNA specificity and from the ratio of surgery to cancers found in studies that
report this information. In individuals exposed to fallout, approximately 1 in 3
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patients undergoing surgery had cancer (Howard et al., 1997; Inskip et al., 1997).
In patients who underwent external radiation for benign medical conditions, the
proportion was 0.20 (Ron et al., 1984; Royce et al., 1979; Shimaoka et al., 1982).

Effectiveness of Screening

Screening in a population is justified if there is evidence that early detection
and treatment before clinical symptoms are apparent will reduce mortality and
morbidity or improve quality of life. Other issues to be considered include conse-
quences of false-negative and false-positive test results, acceptability of the test
to the screened population, and the risks of treatment.

There have been no randomized, controlled trials that address the question of
whether screening for thyroid cancer improves patient outcomes. Because thy-
roid cancer is rare and has a long latency period, such trials are unlikely to be
done in the future. Case-control studies can be used to judge the effectiveness of
screening, but we could find no studies that evaluated screening programs using
that model.

As shown in Figure F.1, stage is an important intermediate measure used in
many studies as a substitute for direct evidence about mortality and morbidity. In
theory screening is more likely to find a cancer that it is smaller, that has not yet
metastasized, or that has metastasized less widely, than would be likely to be
found without screening. In the absence of controlled studies, the only way to
estimate the extent of a benefit would be to know how much earlier, compared to
usual care, screening will detect cancers. In this context “earlier” means not only
at an earlier time, but also at an earlier stage as judged by size, histology, or
extent of spread. The studies of screening we reviewed contained no data on
which to base such estimates.

Effect of Early Detection on Mortality

Three observational studies have attempted to address prognosis with refer-
ence to mortality. These papers show that given a particular size, cell type, and
extent of spread—and controlling for age—the prognosis of cancers associated
with exposure to radiation appears to be similar to that of cancers that occur in
unexposed individuals (Schneider et al., 1986), that in an observational study of
an unexposed population, the average size of cancers found by screening was
smaller than that of a comparison, unscreened group (Ishida et al., 1988), and that
in a statistically controlled study, delay in treatment was associated with lower
survival-rate in an unexposed cohort (Mazzaferri and Jhiang, 1994).

In the observational study, Ishida and co-workers (1988) compared sizes of
thyroid cancers found through screening with those found in the course of usual
care. In the screened group, made up of healthy Japanese women without expo-
sure to radiation, 58% of palpated tumors were 2 cm or smaller. The comparison
group consisted of outpatients at a thyroid cancer clinic. In the clinic patients

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


254 EXPOSURE TO IODINE-131 FROM NEVADA NUCLEAR-BOMB TESTS

there were fewer cancers under 2 cm, and more tumors larger than 4 cm. In the
screened group, all but 1 of 216 thyroid cancers were differentiated, and 85.5%
were papillary. In the comparison group of 229 patients with thyroid cancer,
70.3% of the cancers were papillary, and there were 9 (3.9%) undifferentiated
carcinomas. After 1.5-8 years of follow-up, 96.7% of screened patients were dis-
ease-free, compared with 85.6% in the comparison group. None of the screened
patients died of thyroid cancer, but 12 patients (5.4%) in the clinic group did.

Flaws in the selection of the comparison group limit the usefulness of the
article (Ishida et al., 1988). It is not clear whether the clinic patients had already
been followed for many years. It appears that the investigators reported the sizes
of the cancers in the clinic patients at the time of the study, rather than at the time
of diagnosis, which could have been years earlier. The mean age of the clinic
patients is given, but it is not clear whether the age distribution was similar in the
screened group. Finally, the investigators apparently did not study whether can-
cers or cancer deaths occurred in screened individuals who were not diagnosed to
have cancer on the initial and second screenings. Undifferentiated cancers that
developed later in screened patients could have been excluded from the
“screened” groups and, in fact, might even have been included in the “clinic”
group. These flaws make comparison of tumor sizes and follow-up mortality
meaningless.

In the statistically controlled study of a cohort of patients under the care of
U.S. Air Force physicians, Mazzaferri and Jhiang (1994) record the time from the
first manifestation of cancer to initial therapy. Patients who died of cancer had a
median delay of 18 months, compared with 4 months for those who survived 30
years. A simple linear regression of the logarithm of delay in treatment on cancer
death had a correlation coefficient of 0.49. The results suggest that a delay of 1
year increased the probability of dying of cancer by about 5 percentage points
(from nearly 0 to 5%); a delay of 10 years instead of 1 year increased the prob-
ability of dying of cancer from 5% to approximately 12%.

What is the relevance of these findings to screening? First, the average tumor
size was 2.5 cm, and the prognosis was inversely related to the size of the nodule
at the time of diagnosis. Although the study did not directly estimate the rate of
growth of untreated cancerous nodules, it stands to reason that earlier detection of
these very large tumors could improve the outcome.

Second, the study documents that, in practice, treatment often was delayed
for many years. The reasons are not made clear, and may have occurred after a
clinical diagnosis was made. Long delays, followed by a poor outcome, could
have been the result of the presence of malignant nodules that were inadvertently
managed conservatively for many years, perhaps because an accurate diagnosis
was not made initially. In any case, this finding argues (as the authors conclude)
for more aggressive initial management of large nodules, once they are diag-
nosed, but it does not necessarily mean that diagnosing these nodules earlier than
was done with usual care would substantially improve outcomes.

Copyright © National Academy of Sciences. All rights reserved.

Exposure of the American People to Iodine-131 from Nevada Nuclear-Bomb Tests: Review of the National Cancer Institute Report and Public Health Implications
http://www.nap.edu/catalog/6283.html

http://www.nap.edu/catalog/6283.html


APPENDIX F 255

Third, the benefit of early detection was apparent only in patients with large
nodules, and it should not be overgeneralized to patients with occult nodules or
even smaller palpable nodules. If true, this finding suggests that screening be
focused on finding large (>1.5 cm), potentially palpable, but clinically unsus-
pected nodules.

Effect of Screening on Morbidity

Stage at the time of detection, recurrence of cancer, and complications of
surgery can affect morbidity (Figure F.1). There are no data from studies of
screening about the effect of early detection on recurrence rates or on the fre-
quency of surgical complications in the screened population.

Recurrence of Cancer

We found no studies that directly compare rates of recurrence in screened
versus unscreened populations. Most screening studies involve one-time screen-
ing and do not follow patients over time for evidence of recurrence or other out-
comes. One follow-up study of surveillance for thyroid cancer in patients ex-
posed to external beam radiation for benign conditions of the head, neck, and
thorax (Schneider et al., 1986) reports a lower recurrence rate in patients diag-
nosed after a screening program was begun compared with those diagnosed
through usual care—reflecting factors such as smaller tumor size in cancers dis-
covered through screening.

Factors associated with risk of recurrence, such as age at diagnosis (Krausz
et al., 1993; Mazzaferri and Jhiang, 1994; Schindler et al., 1991; Schneider et al.,
1986; Simpson, 1987; Tubiana et al., 1985), tumor size (Mazzaferri and Jhiang,
1994; Noguchi, 1995; Simpson, 1987; Schindler et al., 1991; Schneider et al.,
1986), male sex (Noguchi et al., 1995; Schindler et al., 1991; Tubiana et al.,
1985), and local invasion or metastases (Mazzaferri and Jhiang, 1994; Simpson et
al., 1987; Schneider et al., 1986; Schindler et al., 1991; Simpson et al., 1987;
Tubiana et al., 1985), are generally the same as those associated with increased
mortality. Follow-up studies of thyroid cancer patients report recurrence rates of
about 10-30%. About two-thirds of recurrences come within 10 years of initial
diagnosis, but recurrence can occur throughout a patient’s lifetime.

A thyroid cancer recurrence does not necessarily mean increased mortality
(Krausz et al., 1993). Cure rates remain high even for recurrences, except for
patients who have metastases at the time of recurrence (Mazzaferri and Jhiang,
1994). Few studies relate factors at initial diagnosis to mortality at recurrence, but
those that do find survival of a recurrence affected most strongly by age. A Japa-
nese study (Noguchi et al., 1995) with follow-up periods of 10-30 years exam-
ined risk factors in patients who died after recurrence with patients who survived
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a recurrence. Only age at initial diagnosis correlated with survival of a recur-
rence. Similarly, an Israeli study (Krausz et al., 1993) found only that age at
initial diagnosis was a significant risk factor for mortality after recurrence. An-
other study of Japanese patients (Asakawa et al., 1997) found increased mortality
of recurrent thyroid cancers to be associated with age at diagnosis and shorter
period between initial diagnosis and recurrence. Tumor size and spread at initial
diagnosis do not appear to be associated with mortality from recurrence.

Even though recurrent thyroid cancers are usually highly curable, Mazzaferri
(1987) makes the point that a recurrence, even when cured, is never an insignifi-
cant event for the patient, in terms of psychological costs and quality of life.

Harms of Screening

Uncertainty about effectiveness is of particular concern when significant
harms are associated with screening. Almost no information about quality of life
or morbidity related to the diagnosis and treatment of thyroid cancer has been
published. In general, false-positive test results can cause anxiety. Hypothyroid-
ism, caused by thyroid ablation and treatment for hypothyroidism, unexpected
complications of surgery or radioiodine therapy, and even preparation for tests
used to find recurrences (Dow et al., 1997a,b), can cause morbidity and affect the
quality of life of patients with thyroid cancer, but the consequences of most of
these events and conditions have not been systematically studied.

The long-term complications of thyroid surgery are hypocalcemia, a serious,
difficult-to-treat condition due attendant to hypoparathyroidism; and hoarseness,
due to injury to the recurrent laryngeal nerve. The frequency of these complica-
tions depends on the extent of the procedure and the experience of the surgeon.
Complication rates vary among centers (Fraker et al., 1997). For the most exten-
sive procedure, total thyroidectomy, the risk of hypocalcemia range from 7% to
32% in four surgical series with long-term follow-up (Fraker et al., 1997). In the
same study the risk of recurrent laryngeal nerve injury ranged from 0% to 7%.
The study reported the experience of highly skilled surgeons at major centers.
Major surgery of the thyroid is generally considered difficult, and results of expe-
rienced surgeons are thought to be much better than the “average” results of sur-
geons who perform thyroid surgery only occasionally. Less extensive surgery,
such as “near total” and subtotal thyroidectomy, causes fewer complications, but
may be associated with higher rates of tumor recurrence and mortality.

Summary

Table F.5 summarizes the findings of our review. The table shows estimates
of relevant probabilities and of the number of significant events per 10,000 indi-
viduals screened. Many of the estimates, such as those for test performance and
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TABLE F.5  Summary of Evidence Regarding the Benefits of Screening for
Thyroid Cancer

Probability Palpation Ultrasound References

Probability of having a nodule Table F.3a-b
Any size nodule 0.35
0.5-1.0 cm 0.12
1.0-1.5 cm 0.05
>1.5 cm 0.02

Probability that a nodule is cancer Table F.3a-b
nodules smaller than 1 cm 0.03
nodules larger than 1 cm 0.10

Cut-off for a significant nodule 1.0 cm 0.5 cm Figure F.2
Probability of cancer given cut-off 0.0007 0.011
Sensitivity for nodules Tables F.1, 4

0.5-1.0 cm 0.00 1
1.0-1.5 cm 0.55 1
>1.5 cm 0.65 1

Specificity for nodules Tables F.1, 4
0.5-1.0 cm 0.98
1.0-1.5 cm 0.98 0.99
>1.5 cm 0.98 1.00

Fine needle aspiration (FNA) Table F.2a-b
Sensitivity for cancer 0.8
False positive rate 0.35

Lobectomy or subtotal thyroidectomy Fraker et al.
Complication (recurrent

laryngeal nerve injury) 0.0005
Complication (hypocalcemia) 0.0005

Total thyroidectomy Fraker et al.
Complication (recurrent

laryngeal nerve injury) 0.04
Complication (hypocalcemia) 0.1

Morbidity and mortality prevented by screening — — No data

Summary
Events per 10,000 screened

Diagnosed to have a nodule (true positives) 405 1900
Diagnosed to have a nodule (false positives) 386 271
Undergo at least one FNA 791 2171
Undergo FNA but do not have cancer 751 2076
Undergo lobectomy 102 696
Cancers diagnosed 32 85
Cancers missed 38 35
Surgical complications 5 13
Death prevented in 5 years No data No data
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surgical complication rates, are derived from studies performed in specialized
settings that are not likely to be representative of the results of a program of
screening in the general population.

Data were insufficient to estimate the effect of screening on mortality or
morbidity from thyroid cancer and from recurrences of thyroid cancer. The infor-
mation needed to make such a determination involves detailing survival rates by
risk category among patients found to have cancer during the course of usual care
and estimating the effect of early detection on the distribution cancers among
people according to category.

As shown in Table F.6a, the SEER study provides estimates of 5-year sur-
vival by sex and by the extent of spread (localized, regional, or distant) found
among cancers diagnosed in usual care. It also provides estimates of the propor-
tion of cancers found in each risk category. These data can be used to estimate
overall survival for males and females with thyroid cancer found in the general
population. Although the SEER data provide incomplete information about risk
(there are no data by histologic type, for example), these are the only population-
based data available about the distribution through risk categories of cancers
found during usual care.

To determine whether early detection improves outcome, it would be neces-
sary to estimate how often cancers are detected earlier, and how much earlier they
are detected. Specifically, it would be necessary to know the average delay in
diagnosis through usual care compared with that from screening and the rates of
growth or spread of the cancers between the time they would be found by screen-
ing and the time they would be found in the usual course of care.

Table F.6b shows data elements—but not actual data—in one possible causal
chain linking earlier diagnosis to improved survival. The improvement in sur-
vival could be estimated if we knew the distribution of tumor sizes in the usual-
care population and in a screened population; the average duration of delay in
diagnosis in usual care, relative to screening; the rate at which tumors in one size
category progress to a larger size category; and the relationship between the size
of the cancer and the likelihood that the cancer is localized. Because data about
these variables are lacking—studies of screening have not demonstrated to what
degree the cancers found by screening have a better prognosis—we could not
make a reliable estimate of the benefits of screening.

How large is such a benefit likely to be? Table F.6c depicts a hypothetical
example showing the potential relationship between earlier detection and 5-year
survival for adult females. As shown in Table 6a, in the general population 60%
of thyroid cancers were localized at the time of detection; 31% had spread to
regional nodes. If screening increased the proportion of cancers that had no re-
gional or distant metastases from 60% to 70%, the overall 5-year survival for
thyroid cancer would increase from 0.947 to 0.952. Put differently, 184 people
with thyroid cancer would need to be treated to prevent 1 death in 5 years. As
seen in Table F.5, 32 cancers would be found per 10,000 people screened. There-
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TABLE F.6  Hypothetical Relationship Between Efficacy of Early Detection
and Five-Year Survival from Thyroid Cancer

a. SEER data
Proportion
of cancers in
each risk

Five-year survival category Overall Survival

Risk categories Total Males Females Males Females
localized 0.997 0.994 0.998 0.60 0.596 0.599
regional 0.937 0.913 0.947 0.31 0.283 0.294
distant 0.448 0.403 0.475 0.05 0.020 0.024
unstaged 0.766 0.773 0.761 0.04 0.031 0.030
5 year and
overall survival 0.931 0.947

b. Consequences of screening (categories of information needed to estimate effect of screening on
dectection of disease by stage)

Usual Care Screening
size categories

(1) 0.5 -1.0 cm %
(2) 1.0- 1.5 cm %
(3) 1.5 cm or larger %

delay in diagnosis (average) years
rates of transitions between size categories

(1) to (2) % per year
(2) to (3) % per year

relation of size to spread of cancer
(1) 0.5-1.0 cm % localized
(2) 1.0-1.5 cm % localized
(3) 1.5 cm or larger % localized

c. Hypothetical improvement in survival in relation to risk categories if screening increased
proportion of cancers with no metasteses from 60% to 70% compared to usual care (adult females
only)

Usual Care Screening
Risk categories

localized 0.6 0.7
regional 0.31 0.21
distant 0.05 0.05
unstaged 0.04 0.04

Contribution to 5 year survival 0.947 0.952

Number needed to treat to prevent 1 death in 5 years 184
Number needed to screen to prevent 1 death in 5 years 57,445
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fore, 1 death would be prevented for every 57,445 individuals screened. Screen-
ing 57,000 individuals could also result in 26 surgical complications (Table F.5).
The implication is that, in the future, studies of screening should attempt to clearly
document the stages at which cancers are detected, and an appropriate compari-
son group should be identified to determine whether screening is beneficial.
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COMMITTEE ON THYROID SCREENING RELATED
TO I-131 EXPOSURE

ROBERT LAWRENCE, M.D., Co-Chair, is the Associate Dean for Professional Edu-
cation and Programs and Professor of Health Policy at Johns Hopkins University
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General Hospitals and the New England Medical Center, all in Boston.
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was a member of the Presidential Committee on Human Radiation Experiments.
Dr. Royal is currently a Council Member of the National Council of Radiation
Protection and Measurements and is a member of the Veterans Advisory Com-
mittee on Environmental Hazards.
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the Department of Surgery at the Washington University School of Medicine, St.
Louis, Missouri. Dr. Wells is a member of the Institute of Medicine, the Ameri-
can Association for Cancer Research, the American College of Surgeons (Fel-
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COMMITTEE ON EXPOSURE OF THE AMERICAN PEOPLE TO
I-131 FROM THE NEVADA ATOMIC BOMB TESTS

WILLIAM J. SCHULL,  PH.D., Co-Chair, is the Director of the Human Genetics
Center at the University of Texas’ School of Public Health. His specialty is hu-
man genetics and his primary research interest is radiation biology. In addition to
a distinguished academic career, Dr. Schull previously served as the Head of the
Department of Genetics with the Atomic Bomb Casualty Commission (ABCC) in
Japan and later went on to become one of the Directors of the ABCC’s successor
organization, the Radiation Effects Research Foundation. Dr. Schull is the recipi-
ent of numerous awards, including the Order of the Sacred Treasure, Third Class.
Dr. Schull is the member of several professional societies including the American
Epidemiological Society, the American Society of Human Genetics, the Radia-
tion Research Society, and the Society for the Study of Human Biology.

KEITH BAVERSTOCK, PH.D., a graduate of London University, has led the Radia-
tion Protection Programme at the World Health Organization European Centre
for Environment and Health in Rome, Italy since its foundation in 1991. This
program was instrumental in bringing to world attention the increase in thyroid
cancer in Belarus, now attributed to the Chernobyl accident. Prior to 1991
Dr. Baverstock was at the UK Medical Research Council Radiobiology Unit at
Harwell, UK where he pursued a wide range of scientific research interests re-
lated to the public and occupational health aspects of exposure to ionizing radia-
tion. He managed and analyzed the survey of UK radium luminizers, which has
provided direct information on the effects of exposure to ionizing radiation at low
dose rates. He held a visiting research appointment at the Institute of Chemical
and Physical Sciences, RIKEN, Wako-shi, Japan, working on the effects of heavy
ion radiation of DNA. During his tenure with the Medical Research Council Dr.
Baverstock served as secretary to, and served upon a number of committees
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committee for the Nation-wide Radiological Survey of the Marshall Islands and
was Chairman of the Scientific Management Team of the Rongelap Resettlement
Project.
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rado State University. He has served on the National Academy of Sciences Com-
mittee on Assessment of Center for Disease Control Radiation Studies and on the
Subcommittee on Liver Risk of the National Council on Radiation Protection and
Measurements. Dr. Benjamin’s research expertise is in experimental carcinogen-
esis with an emphasis on radiation and environmental chemicals, including thy-
roid carcinogenesis.
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sity of California, Berkeley School of Public Health. Her current research inter-
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visory committees to the Department of Energy, the Department of Defense, the
Department of Health and Human Services, the Environmental Agency, the Of-
fice of the President, the National Research Council and the World Health Orga-
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diation Effects Research Foundation. She has served as President for the Society
of Epidemiologic Research, the American College of Epidemiology, and the In-
ternational Society for Environmental Epidemiology and is currently an officer
of the Medical Sciences Council of the American Association for the Advance-
ment of Science. She was awarded the American College of Epidemiology
Lilienfeld Award in 1996. She is a Fellow of both the American College of Epi-
demiology and the Association for the Advancement of Science and a member of
the Institute of Medicine/National Academy of Sciences.

SHARON DUNWOODY, PH.D., University of Wisconsin-Madison, Madison, WI. Dr.
Sharon Dunwoody is Evjue-Bascom Professor of Journalism and Mass Commu-
nication at the University of Wisconsin-Madison. She also serves as Chair of
Academic Programs for the University’s Institute for Environmental Studies and
as Head of the Center for Environmental Communication and Education Studies
(CECES). She earned her Ph.D. in mass communication at Indiana University
before moving to UW-Madison in 1981. She studies the role of the mass media in
public understanding of science and has authored numerous journal articles, book
chapters, and books on the topic. She is a member of the Committee on the Public
Understanding of Science and Technology of the American Association for the
Advancement of Science and a member of the NRC’s Commission on Life Sci-
ences.

PETER GROER, PH.D., is Associate Professor in the Department of Nuclear Engi-
neering at the University of Tennessee-Knoxville. Dr. Groer earned his Ph.D. in
Theoretical Physics from the University of Vienna, Austria. He teaches under-
graduate and graduate courses in radiation protection, radiation risk, and reliability
analysis. His research interests include Bayesian methods for radiation detection,
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dosimetry and risk and reliability analysis. He has served on the editorial board of
Risk Analysis. He was a member of the NRC Committee on the Health Effects of
Radon and Other Internally Deposited Alpha Emitters (BEIR IV) and served on
several scientific committees of the National Council on Radiation Protection
and Measurements. He is presently a member of the EPA Science Advisory
Board’s Uncertainty in Radiogenic Risks Subcommittee. He is an avid tennis
player and was on Austria’s Olympic Basketball Team in 1960 and 1964.

ROBERT LAWRENCE, M.D. (see above).

CARL MANSFIELD, M.D., is Chairman of the Radiation Oncology Department at
the University of Maryland Medical Systems. His research interest has been in
the treatment of cancer with emphasis on breast cancer. Dr. Mansfield has done
extensive research in radiation dosimetry and brachytherapy. From 1976 to 1983,
Dr. Mansfield was Chairman of the Department of Radiation Oncology at the
University of Kansas. From 1983 through 1995, Dr. Mansfield was Professor and
Chairman of the Department of Radiation Oncology and Nuclear Medicine at
Thomas Jefferson University Hospital. From 1995 to 1997, he was the Associate
Director of the Radiation Research Program at the National Cancer Institute. Dr.
Mansfield is a Fellow of the American College of Radiology, the American Col-
lege of Nuclear Medicine, and the Philadelphia College of Physicians. Dr.
Mansfield has served on committees for the National Cancer Institute and the
National Research Council.

JAMES MARTIN, PH.D., is an Associate Professor of Radiological Health at the
University of Michigan. His undergraduate degree is in physics and he received
the MPH (1961) and Ph.D. (1965) degrees in radiological health from the Univer-
sity of Michigan. He is a certified Health Physicist (ABHP) and his research,
teaching, and service is in radiation protection, radiation physics, radioactive
waste management, radiological assessment, radioanalytical measurements, in-
ternal radiation dosimetry, and radiation protection standards. He is Project Di-
rector, International Low-level Radiation Waste Research and Education Insti-
tute and Director of the Michigan Radon Research and Training Center at the
university. From 1979 to 1981 he managed Colorado’s hazardous and solid waste
program. From 1957 to 1978, he was with the USPHS and EPA where his duties
involved environmental studies for reactors and nuclear fallout, technology as-
sessments, and development of uranium fuel cycle standards and federal x-ray
guides (issued by the President). He also directed EPA’s program on radwaste
standards. He served as a recent member of the Secretary of Energy’s Advisory
Committee on Nuclear Facility Safety for review of DOE facilities, and as a mem-
ber of EPA’s Science Advisory Board, Radiation Advisory Committee. He was
the former Chair and Commissioner of the Michigan Toxic Substance Control
Commission and was a member of the Governor’s Task Force on High Level
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Radioactive Waste, a panelist on EPA’s workshop to revise national drinking
water standards for radioactivity, and a member of the external review commit-
tee, Los Alamos National Laboratory Weapons Division. He is currently a mem-
ber of the National Advisory Committee on Environmental Policy and Technol-
ogy WIPP Subcommittee and a member of the NAS/NRC Committee on CDC
Dose Reconstruction Studies for DOE facilities, and current Chair of the DOE
Environmental Management Advisory Board (EMAB) Committee to develop
guiding principles for remediation of old Manhattan Project Sites.

ERNEST MAZZAFERRI, M.D. (see above).

KATHRYN MERRIAM, PH.D., is the owner and president of two companies. The
first, Synthesis, Inc., offers career counseling, personality style workshops, focus
groups, ethnographic research into human behavior, and grant writing. The sec-
ond is Project Turnaround, a non-profit corporation dedicated to working with
high school dropout and at-risk youth. She is a past member of the local school
district Board of Trustees. She has developed and implemented school curricula
for the education of gifted students in California, Idaho, Connecticut, and Alaska.
She is currently chair of the Bannock County Planning and Development Coun-
cil, vice chair of the Bannock Planning Organization Citizen’s Advisory Com-
mittee, Secretary of the Idaho Planning Association, and is on both the local and
the state Board of Directors for the League of Women Voters of Idaho. She has
received numerous grants to increase public involvement in issues related to
nuclear waste, land use, and the deregulation of electricity.

DADE MOELLER, PH.D., is President, Dade Moeller & Associates, Inc., New Bern,
NC. He earned B.S. (civil engineering) and M.S. (environmental engineering)
degrees at the Georgia Institute of Technology and a Ph.D. (nuclear engineering)
degree from North Carolina State University. From 1948 to 1966 he was a com-
missioned officer in the U.S. Public Health Service. During this time, he served
as a research engineer at the Los Alamos and Oak Ridge National Laboratories;
as Director, Radiological Health Training, Taft Sanitary Engineering Center, Cin-
cinnati, OH; and as Director, Northeastern Radiological Health Laboratory, Win-
chester, MA. From 1966 to 1993, he was a member of the faculty at the Harvard
School of Public Health. This included an initial appointment as Chair, Depart-
ment of Environmental Health Sciences, and later as Associate Dean for Continu-
ing Education. From 1973 to 1988 he served as a member of the Advisory Com-
mittee on Reactor Safeguards, U.S. Nuclear Regulatory Commission, and from
1988 to 1993 he chaired that Agency’s Advisory Committee on Nuclear Waste.
He is past-president of the Health Physics Society, a member of the National
Academy of Engineering, an honorary member of the National Council on Radia-
tion Protection and Measurements, and the recipient of the Meritorious Achieve-
ment Award, U.S. Nuclear Regulatory Commission, and the Distinguished
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Achievement Award, Health Physics Society. Dr. Moeller is a registered profes-
sional engineer, he is certified by the American Board of Health Physics, and he
is a diplomate of the American Academy of Environmental Engineers.

CHRISTOPHER NELSON, B.S., is an Environmental Engineer at the Environmental
Protection Agency’s Office of Radiation and Indoor Air. Mr. Nelson has worked
for the EPA for over twenty-five years. His specialties are radiation risk assess-
ment and air dispersion modeling. Mr. Nelson has authored or co-authored sev-
eral published papers and, for his work with the EPA, has received four EPA
Bronze Medals. Mr. Nelson is currently a member of the NRC’s Committee on an
Assessment of CDC Radiation Studies.

HENRY ROYAL, M.D. (see above).

RICHARD H. SCHULTZ, M.S., is the Administrator of the Idaho State Division of
Health, Department of Health and Welfare. Mr. Schultz has worked in public
health for over nineteen years, the last eleven of which he has served as the State
Health Official for Idaho. Mr. Schultz has represented Idaho’s public health inter-
ests in addressing radiation exposure issues associated with Hanford, Washing-
ton, and Idaho National Environmental Engineering Laboratory. He serves as a
member of the Tri-State Executive Committee for the Hanford Health Informa-
tion Network and as a member of the Association of State and Terrritorial Health
Officials, Health Information and Core Public Health Policy Committee.

DANIEL STRAM, PH.D., is an Associate Professor in the Department of Preventa-
tive Medicine at the University of Southern California. Dr. Stram earned his Ph.D.
in Statistics from Temple University, and subsequently engaged in postdoctoral
research in Biostatistics at the Harvard School of Public Health. From 1986 to
1989 he was a member of the Statistics Department of the Radiation Effects Re-
search Foundation in Hiroshima. Since 1990, Dr. Stram has been a major partici-
pant in NIH funded clinical research and epidemiology in childhood and adult
cancers at the University of Southern California and the Children’s Cancer Group.
His radiation-related work in Hiroshima and U.S.C. has concentrated on statisti-
cal aspects of the dosimetry systems used for the A-bomb survivors and for the
U.S. uranium miner’s cohort study. Dr. Stram is presently a member of the NRC
Board on Radiation Effects Research.

ROBERT G. THOMAS, PH.D., formerly of the Los Alamos National Laboratory, is
a private consultant involved in lectures and workshops concerning the decom-
missioning, decontamination, and restoration of nuclear facilities. He attended
the University of Rochester on a fellowship in radiological physics and subse-
quently received his Ph.D. in Radiobiology and Biophysics. Dr. Thomas was one
of the planners and implementers in establishing the Inhalation Toxicology Re-
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search Institute in Albuquerque. He was an Assistant Professor at the University
of Rochester and an Adjunct Professor at the University of New Mexico. His
research interests focused on establishing acceptable guidelines for exposure to
radionuclides. He led a team of radiological health experts into Romania, Russia,
and the Ukraine immediately following the Chernobyl accident. Dr. Thomas is
currently on committees for the National Council for Radiation Protection and
Measurements and for the International Commission on Radiological Protection.
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